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PREFACE. 



There is some reason to fear that the feeling of any one who may 
examine in detail this edition and translation of Varaha Mihira’s astronomi- 
cal work will, in the first place, be wonder at the boldness of the editors; 
I am indeed fully conscious that on the imperfect materials at our disposal 
an edition in the strict sense of the word cannot be based, and that what we 
are able to offer at present deserves no other name' but that- of a first attempt 
to give a general idea of the contents of the PanchasiddMntika. It would, 
in these circumstances, possibly have been wiser to delay an edition of the 
work until more correct Manuscripts have been discovered. Two consider- 
ations, however, in the end induced us no longer to keep back the results, 
however imperfect, of our long continued endeavours to restore and elucidate 
the text of the Pahchasiddhantika. In the first place we were encouraged 
by the consideration that texts of purely mathematical or astronomical con- 
tents may, without great disadvantages, be submitted to a much rougher and 
bolder treatment than texts of other kinds. What interests us in these works, 
is almost exclusively their matter, not either their general style or the parti- 
cular words employed; and the peculiar nature of the subject often enables 
us to restore with nearly absolute certainty the general meaning of passages 
the single words of which are past trustworthy emendation. And, in the 
second place, we feel convinced that even from that part of the Pancha- 
siddhautika which we are able to explain more is to be learned about the 
early history of Sanskrit Astronomy than from any other work which has 
come down to our time. 

Imperfect and fragmentary as text and translation are, we may assert 
at any rate that, in our endeavours to overcome the quite unusual obstacles, 
which the corrupt and bare text of the PanchasiddMntika opposes to the 
interpreter, we have spared no trouble. The time and thought, devoted to 
the present volume, would, I may say without exaggeration, have amply 
sufficed for the editing and explaining of twenty times the amount of text 
presenting only normal difficulties. This I mention, not of course in order to 
extol what we have been able to do, but only as an excuse for what we see 
ourselves obliged to leave undone. 

Next to the lamentable state of the text as appearing in the two Manu- 
scripts at our disposal, the greatest disadvantage under which we laboured 
was the absence of a Commentary. Commentaries can be hardly done with- 
out in the case of any Sanskrit astronomical work much less so, when the 
text, as that of the Pahchasiddhantika, describes many mathematical pro- 
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cesses liiore or less diverging from those commonly employed. Commentaries 
probably- existed formerly, and possibly exist even now ; but we have failed 
to procure any. The Commentary published in the present volume 's an 
entirely original composition by my Collaborator. A mere translation of the 
text with notes would, indeed, have sufficed for the European reader ; we 
however, wished to make the results of our labour accessible to Pandits also 
who understand no English. And a full tiki giving full demonstrations 
in the ordinary Hindu style will, in many eases, be useful to the European 
student also. 

The right hand columns of the text give the emended text ; the left 
hand columns the text of the better one of our two Manuscripts which we 
thought advisable to exhibit in extenso. Some remarks on the Manuscripts, 
and the mode of emendation of the text will be found at the end of the 
Introduction. 

As this preface is signed by myself only, I may, I think, here 
acknowledge — in a somewhat more explicit way than the mere association of 
names on the title page is capable of doing — the great obligations under 
which I am to my collaborator Pandit Mahamohopad by ay a Sudhakara 
DvivedL His constant assistance was altogether indispensable to me, and 
all the more welcome as among the Jyautishas of my acquaintance I know of 
no other, fully equal to work of this kind and at the same time equally ready to 
devote himself to a task which in certain aspects is so entirely unremunerative. 

I may express the hope that the Pandit, who is already so well known for 
his efforts to spread a knowledge of modern higher Mathematics among his 
countrymen, will continue to devote a part at least of his learning and talents 
to the elucidation of the ancient history of science in this country. 

I further wish to express my best thanks to the Bombay Government 
and to Professor R. G. Bhandarkar, who with great liberality have allowed 
me the use, for lengthened periods of time, of all those Manuscripts in their 
charge which .1 required for the present edition. Nor must I omit to record 
my obligations to Professor G. Bue’nler to whose activity, when in charge of 
the search for Sanskrit Manuscripts in parts of the Bombay Presidency, we 
are indebted for the discovery of the two Manuscripts on which this edition 
is based. 
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INTRODUCTION. 


The Panchasidd'h antika by Yaraha Mihira occupies a marked position 
of it 1 .; own in Indian astronomical literature. As a rule works treating of 
that branch of science claim either to be directly revealed, as f. i. the Surya 
Siddhanta in that form which has come down to our time ; or else to base in 
all essential points on some older work of divine origin, as f i. the Siddhantas 
by Brahmagupta and Bhaskarachan’a, both of which are reproductions, 
however greatly amplified and improved, of an old Pait&maha Siddhanta. 
One of the consequences of this is, that these works claim for themselves 
direct or derived infallibility, propound their doctrines in a calmly dogmatic 
tone, and either pay no attention whatever to views diverging from their own, 
or else refer to such only occasionally, and mostly in the tone of contemp- 
tuous depreciation. The latter attitude is assumed f, L by Brahmagupta 
who indeed devotes a special chapter to the task of reviewing those astronomi- 
cal systems which were opposed to the teaching of the Brahma Siddhanta, 
but who would have rendered that part of his work much more valuable and 
interesting, had he been less anxious to criticize and ridicule' than to impart 
information. The astronomical writers, it is true, therein only exemplify 
a general mental tendency which displays itself in almost every department 
of Hindu Literature; but mere dogmatic assertion appears more than 
ordinarily misplaced in an exact science like astronomy, and the absence of 
all appreciative reference to the views of preceding authors is particularly 
vexatious, when we have to do with a branch of Hindu Learning which 
shows clear traces of having been remodelled under the influence of Greek 
teaching. 

To the general rule the PanchasiddMntik& forms a striking exception. 
As far as we can judge at present, Yaraha Mihira was the only one among 
Hindu writers on astronomy who thought it worth while to give an exposition 
of all the more , important forms of astronomical doctrine which were current 
at his time. Not that he was unable to judge of the relative value of the 
systems which offered themselves to his examination ; for, as we shall see 
further on, he knew very well in what order of merit the five Siddhantas 
whose teaching he summarizes are to be arranged. But he seems ready to 
acknowledge that even inferior systems deserve a certain amount of atten- 
tion, as long as they continue to occupy in certain circles a position of 
authority; and he appears not to be altogether incapable of taking a purely 
intellectual interest in examining the various, more or less perfect, methods 
which may be applied to the solution of scientific problems. At the same 
time he seems to have no hesitation to acknowledge the connexion of the 
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modern phase of Hindu astronomy with Greek science. Although not 
directly stating that the Hindus learned from the Greeks, he at any rate 
mentions certain facts and points of doctrine which suggest the dependence 
of Indian astronomy on the science of Alexandria ; and, as we know already 
from his astrological writings, he freely employs terms of undoubted Greek 
orisrin. The Panchasiddhdntikd thus becomes an invaluable source for him 
who wishes to study Hindu astronomy from the only point of view which 
can claim the attention of the modern scholar, viz. the historical one. 

Regarding its form the PanchasiddMntika belongs to the class of the 
so-called karanagranthas i. e. compendious astronomical treatises which do 
not set forth the theory of the subject at comparative length as the 
Siddhantas do, but merely supply a set of concise — and often only approxi- 
mately correct — rules which suffice for the speedy performance of all the more 
important astronomical calculations. It however contains a few chapters 
whose contents lie outside the limits of a mere karana and resemble the cor- 
responding chapters of the best known Siddhantas ; notably the chapter which 
describes- the general constitution of the universe, and the 1 5th chapter called 
Jyotishopanishad. And it of course decidedly distinguishes itself from all 
ordinary karanas by the fact that it does not base on any one particular 
Siddhdnta, but undertakes to reproduce the more important doctrines of five 
different Siddhantas. 

These five Siddhantas, named by Vardha Mihira in the first chapter, 
are the Paitamaha, Vdsishtha, Romaka, Paulisa and Saura Siddhdntas. 
Vardha Mihira there also states his view as to their order in importance, 
assigning the first place to the Surya Siddhdnta, placing next the Romaka and 
Paulisa Siddhantas as about equally correct, and declaring the two remaining 
works to be greatly inferior to the three mentioned. In agreement with this 
estimate very different amounts of space are allotted to the individual Sid- 
dhdntas in the body of the work, the Sfirya Siddhdnta and Paulisa Siddhdnta 
being treated at some length, next to these the Romaka, and very little atten- 
tion being paid to the Paitamaha Siddhdnta, and, although this is a point 
somewhat difficult to decide, to the Vasishtha Siddhdnta. 

In addition to the general character of the five Siddhdntas, this differ- 
ence of treatment is owing to a special cause, mentioned by Vardha Mihira 
Ic-’Pf the first chapter viz. his wish to devote the Panchasiddhdntikd chiefly to 
the task of setting forth the calculation of solar eclipses, the most difficult 
problem attacked by Hindu astronomers. The Paitdmaha Siddhdnta at any 
rate was altogether incapable of furnishing any rules to that end ; and so 
| perhaps also the old Vasishtha Siddhdnta. 


I now proceed shortly to discuss the teaching of each of the five 
SiddMntas as represented by Varaha Mihira. This, however, requires the 
preliminary settlement of two questions. 

In the first place we must attempt to ascertain with accuracy which 
chapters of the P anchasiddhintiki are devoted to each of the five works in 
question. — This is a task beset by considerable difficulties, as we have no 
commentary to assist us, and as the indications to be met with in the text as 
well as in the colophons of the chapters, as exhibited by the two Manuscripts 
at our disposal, do not, in all eases, enable us to arrive at definite conclusions. 

I begin with those chapters, fortunately constituting the majority, 
which allow themselves to be referred to their respective sources with confi- 
dence. — The very short twelfth chapter is, in its colophon, called Paitimaha 
Siddhanta, and is in its first stanza declared by Variha Mihira himself to base 
on the teaching of Pitamaha ; it is the only chapter in the whole work which 
is concerned with that Siddhanta. — The eighth chapter treats, according to 
its colophon, of the calculation of solar eclipses according to the Romaka 
Siddhanta • and that this really is so, we again have no reason to doubt, as the 
first stanza refers to the Romaka by name, and as, moreover, the contents 
of the chapter agree with the statements made in the first chapter about the 
yuga and the ahargana of the Romaka SiddMnta.— The ninth, tenth and 
eleventh chapters undoubtedly summarize the doctrines of the Sfirya Sid- 
dhanta, as is stated in the colophon, indicated in the first stanza of chapter 
IX, and borne out by the general agreement of the contents of the three 
chapters with the Surya Siddhanta as known at present. The sixteenth 
chapter contains, according to the colophon and to stanza 1, the rules of the 
Sfirya SiddMnta for finding the mean places of the planets; and the seven- 
teenth chapter which teaches how to calculate their true place's we may 
without hesitation refer to the same SiddMnta. 

Among the remaining chapters of the work I at first single out those 
*in which Varaha Mihira apparently does not intend to reproduce specific 
features of one particular SiddMnta, but rather to summarize doctrines held 
by all the more advanced astronomers of his time, and most probably set fortb, 
with greater or less variations, in three of his five SiddMntas, viz., the Surya, 
Paulina and Romaka SiddMntas. To this class of chapters, in which we 
discern more of the individual Variha Mihira than in the remainder of the 
work, I feel inclined to reckon three or perhaps four sections. In the first 
place the thirteenth chapter, designated in the colophon as ‘trailokya- 
samsthina which gives a popular exposition of the sphericity of the earth 
and the different aspects of the celestial sphere which are due to difference of 



terrestrial latitude. The mode of treatment of these questions is no doubt 
Var&ha Mihira’s own, as also the interesting criticisms passed on some 
astronomical schools. In the same way the fourteenth chapter, which is 
chiefly engaged in showing how certain results may be obtained not only by 
calculation but more directly by observation and the inspection of certain 
mechanical contrivances, appears, on the whole, to be Varaha Mihiras own, 
although the more scientific of his five Siddhantas no doubt treated of those 
topics in a similar manner. The same remarks apply to the fifteenth chapter 
which is even more distinctly individualistic, and contains interesting re* 
ferences to other astronomers. I am more doubtful about the position of 
chapter IV. which in the colophon is merely counted as such, without any 
special designation. The matter of the chapter corresponds to what in the 
best known astronomical works is set forth in the so-called triprasoadhikara, 
with the addition, however, of rules for calculating the table of sines (which 
ordinarily are given in the spashtadhikara). It is not improbable that here 
also Varaha Mihira sums up, in his own fashion, whatever he found of value 
in the corresponding chapters of the Romaka, Pauli sa and Surya toiddh&n* 
t as . On the other hand, as the fourth chapter follows and precedes chapters 
specially devoted, to the Paulisa Siddh&nta, it is not impossible that its 
contents are meant to sum up the teaching of that Siddh&nta only. The 
decision in this case is however of no very great importance, as the rules 
o-iven in the fourth chapter on the whole closely agree with the general 




which, in its colophon at least, is said to represent the teaching of the Paulina 
SiddMnta. The relation, however, of the third chapter to the one immediately 
preceding is puzzling. The second chapter is, in the colophon, merely desig- 
nated as “ nakshatrMichchheda,” but its contents comprise firstly a rule or 
set of rules for finding the mean (and perhaps also true ?) places of the moon 
(stanzas l — 7), and, secondly, a set of rude, approximative rules for calculat- 
ing the length of the day at any time of the year, the length of the shadow 
of the gnomon, and, from the latter, the mean place of the sun, and the lagna 
(and vice versa ; stanzas 8 — 13). The chapter concludes with the words 
“This is the (calculation of the) shadow according to the concise V&sishtha 
Siddhanta.” The question how is, whether this whole chapter has to be 
viewed as epitomizing the Vasishtha Siddhhuta, or whether that work is 
represented only by its latter part. The rules contained in stanzas 8— 13 are 
of a very rough character, and can, for that reason, hardly come from the 
Paulisa Siddhanta ; their character, on the other hand, agrees very well with 
the criticism passed by 'Varhha Mihira, in the first chapter, on the imperfec- 
tions of the Vasishtha Siddhanta. It is more difficult to arrive at a conclu- 
sion regarding the rules embodied in stanzas 1 — 7. If they do not belong to 
the Vasishtha Siddhanta, it would follow that the Panehasiddhantika, which 
after all promises to render us acquainted with -the doctrines of all the five 
Siddhantas, however imperfect some of them may be, does not even inform us 
how the place of the moon is calculated according to the Vasishtha Siddhanta, 
while it yet gives the corresponding rules from the, certainly not more ad- 
vanced, Pait&maha SiddMnta, very concisely indeed but yet with sufficient 
fulness. On the other hand there appears to be some reason for tracing the 
rules to the Paulina Siddh4nta. The third chapter, whieh, as we have seen 
above, we may connect with the Paulina Siddh&uta with a very high degree 
of probability, gives in stanzas 1 — 3 the required rules for finding the mean 
and true places of the sun, and then continues, in stanzas 4 — 9, to give cer- 
tain rules about the moon. Now these rules have unfortunately remained 
obscure to us ; but yet so much appears certain that they are somehow 
connected with the rules concerning the moon given in the former half of 
chapter II, constituting, as it seems, a kind of continuation, or more accurate 
version of the latter. But again, on this latter hypothesis no reason is 
apparent why the two sets of rules should be separated from each other by 
the altogether heterogeneous matter treated of in the latter half of chapter II. 
I therefore see myself obliged to leave this point undecided, and only wish to 
suggest, as a third not impossible alternative, that the method for calculating 
the places of the moon which is set forth in chapter II belonged, in its essen- 
tial features at least, to the Paulina as well as to the Vasishtha Siddhdnta, 
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and that stanzas 8-13 of the third chapter add certain details which were 
peculiar to the former of the two Siddhantas. It is greatly to be regretted 
that the introductory stanza of chapter II, which possibly would throw some 
light on the position of the chapter, has remained altogether obscure to us. 

There now remain for adjudgment only the first and the last chapters 
of the Panchasiddhantika. The latter I shall discuss further on. The position 
of the former is altogether clear; it contains, subsequently to some intro- 
ductory stanzas, a rule for calculating the ahargana according to the Romaka 
Siddhhnta, an exposition of the principles according to which the intercalation 
of lunar months and the omission of lunar days are managed in the Paulisa, 
Romaka and Sfirya Siddhantas, and finally a set of rules for calculating the 
so-called Lords of the year, month etc., which rules were most likely given 
in each of the three Siddhantas last mentioned. 

The second question, which must be touched upon before we can review 
the teaching of the individual Siddhantas, is whether the PanehasiddhantiM 
represents the teaching of the five astronomical works, on which it is pro- 
fessedly based, with absolute accuracy, or rather allows itself certain modi- 
fications of the doctrines summarized. This question, is one of considerable 
importance ; for before we have settled it one way or other, we are unable to 
judge of the historical position of the five Siddh&ntas, and to compare the 
account, given of them by Varaha Mihira, with what we know about them 
from other sources. We have, in this part of our investigation, to occupy 
ourselves almost exclusively with the Surya Siddhanta, because that treatise 
is the only one of the five Siddhantas which has come down to our time, and 
thus allows of our comparing it with what Var&ha Mihira tells us about the 
Sfirya SiddMnta as known to him. Now a cursory survey of those chapters 
of the Pafichasiddhantika which treat of the Surya SiddMnta shows at once 
that the treatise of that name known to Vaitha Mihira agreed with the 
modern Surya SiddMnta in its fundamental features. The methods of the 
two treatises are essentially the same and, on the other hand, sufficiently 
different from those of the other Siddhantas summarized by Varaha Mihira, 
to ensure to the Surya SiddIMnta in its two fold form a distinct position of 
its own. At the same time we cannot fail to notice that in certain points the 
teaching of the old Stir y a SiddMnta (by which name I shall, for shortness, 
sake, designate the Surya SiddMnta known to Variha Mihira) must have 
differed from the correspondent doctrines of its modern representative. If 
we, for instance, observe that the old Surya Siddhanta assigned to the mean 
diameters of sun and moon the values 32 ' 5 and 30' 54' (P. S. IX. 15. 16), 

• while 32' 3. "6 and 32' are the corresponding values according to the modern 
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treatise ; or if we notice the values assigned in XVII 1. 2 to the epicycles of 
the apogee which altogether differ from those stated in the modern Surya 
Siddhanta ; we are driven to the conclusion that in these and similar points 
the treatise used by Varaha Mihira really differed from the modern one known 
to us. For we are altogether unable to imagine any reason why Vardha 
Mihira should have changed, in the details referred to, the doctrines of the 
book which he aims at epitomizing. 

There is however a series of other cases in which the decision is not 
quite so simple. While, as remarked above, the mathematical processes 
prescribed in the old Surya SiddMnta agree on the whole with those of the 
modern treatise, it at once appears that Vaniha Mihira whose intention it 
is to write a karana considers himself entitled to represent the teaching of 
his original in a somewhat condensed form, facilitating the quick despatch 
of the required astronomical calculations. Wliat he f. i. says, in the first 
chapter, about the yuga of the Surya Siddhanta, clearly is an abbreviated 
statement of the corresponding doctrines of the old Surya SiddMnta, and 
we therefore have no reason to doubt of the old SiddMnta, as well as the 
modern one, having taught that 4320000 years constitute a great age, and 
that one thousand such great ages go to a kalpa. The fact is that for all 
the merely theoretical part of a SiddMnta there is no room in the karana, 
and that hence the latter does all that is required if, instead of describing 
the great periods of the world, it states the smallest possible aggregate of 
years comprising an integral number of lunar months and natural days. So 
far we have no reason to hesitate in accepting Varaha Mihira’s statements as 
a faithful, though somewhat modified, rendering of the meaning of the old 
Sfirya Siddhanta ; the question however assumes a somewhat different aspect 
when we compare the number of natural days contained, on the one hand, 
within the maMvuga of the modern Sfirya Siddhanta, and, on the other hand, 
within the corresponding period according to Var&ha Mihira. The modern 
Surya Siddhanta teaches that a maMyuga of 4320000 years comprises 1593336 
intercalary months and 25082252 omitted lunar days, whence it follows that 
the number of savana days contained within the same period amounts to 
1577917828. Varaha Mihira on the other hand, following his Sfirya Siddhanta, . 
states that a period of 180000 years comprises 66389 intercalary months and 
1045095 omitted lunar days, so that a maMyuga { = 24 x 180000 years) con- 
sists of 1577917800 savana days, i. e. 28 days less than according to the modern 
Sfirya Siddh&nta. Here it certainly appears possible that Varaha Mihira 
should have slightly diminished the number of the savana days of the maM- 
yuga, and implicitly the length of the solar year, in order to be able to reduce 
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that number, as well as the number of the years of the yuga, by twenty-four 
and thus to arrive at figures more easy to manipulate ; all the more as the 
inaccuracy involved in that change would affect to an almost insensible degree 
only the comparatively short periods to which the rules of the karana grantha 
are meant to be applied. But in spite of this undeniable possibility I am in- 
clined to think that in the present case also Variha Mihira proceeded with 
strict accuracy, and that his Sftrya s Siddh4nta actually assigned to the great 
yuga twenty-eight days less than the modern treatise does. For in addition 
to the general consideration that there are several other items in which the 
old and the new Siddh4ntas differed beyond any doubt, we have in the pre- 
sent case two special reasons viz. firstly that it would have sufficed to diminish 
1577917828 by four (instead of twenty-eight) in order to make it divisible by 
twenty-four ; and secondly that the estimation of the length of the solar year 
implied in the statement of the old Sffrya Siddhanta agrees exactly with that 
value of the length of the Solar year that results from the elements of that- 
Paulisa Siddhanta about which Bhattotpala’s commentary on the Brihat 
Samhiti and Prithhdaka Svlmin’s commentary on Brahmagupta’s sphuta 
Brahma Siddhanta furnish some information. As we shall see at once, 
Varaha Mihira’s Shrya Siddhanta agreed with that Paulina Siddhanta in 
several other points also, and it therefore is not improbable that the two 
Siddh4ntas were at one also concerning the length of the solar year. If this 
is so, the most important item by which hitherto the Siirya Siddhitnta was 
considered to be distinguished from the Paulina Siddhanta (as reported by 
Bhattotpala etc.) would vanish; which clearly shows that an accurate inves- 
tigation of the degree of strictness with which Var4ha Mihira reproduces the 
doctrines of his SiddMntas cannot be dispensed with. 

Similar to the case just discussed is that of the mean revolutions of 
the planets, as reported, according to the Shrya Siddh4nta, in the 16th chapter 
of the PanohasiddMntiki. As appears from the notes to the translation 
and the latter part of this Introduction, the periods assigned to the mean re- 
| volution by the old Shrya Siddhanta differed more or less from the correspond- 
; ino' values stated in the modern treatise. There, however, the hypothesis of 
Varaha Mihira having for some reason or other modified the elements of the 
work with which he had to deal seems altogether excluded. If he had chosen 
i to state the length of the revolutions of the planets in the ordinary form i. e. by 
| establishing periods within which the planets perform integral numbers of com- 

revolutions, he might possibly have had reason to manipulate the tradi- 

! ;ionai numbers to a certain extent, so as to reduce them to more manageable 
But in the case under discussion he follows another plan viz. of at 
tet stating the time of one revolution in round numbers, and then directing 


us to apply a certain correction, in order to make up for the inaccuracy inn 
volved in the employment of those round numbers. Now it is easy to see} 
that, if Var&ha Mihira’s Shrya SiddMnta had exhibited the same figures as! 
the modern Siddh&nta, the amount of the corrections would differ from that 
actually stated by him, and we therefore are entitled to conclude that regard - } 
ing the revolutions of the planets also the old Sftrya Siddhanta actually ; 1 
differed from the modern one ; a conclusion moreover made more acceptable j 
by the circumstance that several of the values assigned to the mean revolu- ; 
tions by Var4ha Mihira’s Siddhanta agree with the teaching of the Paulina! 
Siddhanta known to Bhattotpala, and with that of Aryabhata.' 

That the difference, observed between the numbers of the natural days S 
of the yuga as stated by the two Sftrya Siddhantas, is due to a real discrep- \ 
ancy of the two books, is further confirmed by the rule given in Chapter X \ 
2 and 4 for finding the mean place of the moon. This rule is based on the j. 
elements of the yuga as stated in chapter I, but for the sake of greater 
facility of calculation employs reduced numbers. Instead of multiplying the 
given ahargana by (^ ie numerator of which fraction are the side- 

real revolutions of the moon during the period of 180000 years, and the ; 
denominator the s&vana days comprehended within the same time), it directs 
us to employ the expression 2 ^|^g, and thereupon— in order to make up for ; 

. the error involved in this substitution — to deduct from the mean place of the 
moon thus found ^ for each revolution. In other words, Varaha Mihira is 
unwilling to allow to pass an error in the mean position which amounts to no 
more than one sixtieth of a second of space for each revolution. But if he, 
on the other hand, had purposely, for mere convenience of calculation, lessen- 
ed the length of the maMyuga by twenty-eight days, he would thereby 
have reduced the length of each sidereal month by about four hundreths of 
a second of time, which in its turn would have implied an error in the moon’s 
mean place amounting to about one fiftieth of a second of space for each 
revolution. So that, while anxious to correct one small error, he would have 
allowed another greater one to pass; an assumption which we have absolutely 
no right or reason to make. 

The investigation of special cases thus certainly favours the conclusion } 
that the changes which the old Shrya Siddh&nta has undergone in Var&ha } 
Mihira’s representation are purely formal, and that convenience of calculation j 
is held by him to be a consideration of altogether secondary importance. 

We therefore, and this is the most important conclusion to be drawn 
from the preceding enquiry, may hold ourselves entitled to look in the same 
light upon Var&ha Mihira’s rendering of the other SiddMntas which we can j 
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check neither by means of the originals nor with the assistance of modem 
recasts. There also we must hold Var4ha Mihira to have closely followed 
the elements and methods of the authors of the Siddhantas, and to have 
permitted himself only minor changes, such as facilitate calculation v ith- 
out affecting the fundamental character of the rules. Geneial piinciples, 
enabling us to judge with certainty how far those changes may extend, can 

however not be laid down ; we rather must judge each given case on its own 
; merits, "Wdien we jf i*. find that the yuga of the Bomaka Siddhanta com- 
prised, according to Var&ha Mihira, only 2850 years, we may raise the ques- 
tion whether this yuga is the true yuga of the Romaka, or only represents 
a subdivision of the true yuga, analogous to the 180000 years of the Surya 
Siddhinta which, as we have seen above, must be considered as the smallest 
fraction * of the maMyuga with which the calculation of the ahargana can be 
effected. But we shall without much hesitation decide in favour of the 
former alternative, in the first place because the yuga of the Romaka 
. .SiddMnta is expressly called a yuga of the sun and moon, for the formation of 
which a comparatively small number of years was sufficient, and in the second 
; place because Brahmagupta, in a passage to be quoted later on, testifies that 
• the Bomaka Siddh&nta did not conform to the traditional views concerning 
the large periods of time. If again, we find that according to the Pancha- 
siddh&ntika the Paulina Siddhanta made no use of yugas of any kind to the 
■ . end of calculating the ahargana and the mean positions of the planets, but 
: ; employed for those purposes a peculiar system of its own, we certainly must 
conclude' that system to have been actually taught in the original Paulisa 
SiddMnta, and not constructed, as indeed it might have been, by Varaha 
Mihira on the elements of the Paulisa Siddhanta. For why, we must ask 
ourselves, should he have transformed in that way the elements of the Paulisa 
Siddhanta rather than those of the other Siddhantas which without any 
difficulty might have been thrown into the same form ? And, to single out 
one further point, if we find that the PanchasiddhantilA gives a rule how to 
calculate, according to the Surya Siddhanta, the equation of the centre of sun 
; and moon for any given anomaly, while it represents the Paulisa and Bomaka 
; Siddhantas as merely stating the amount of those equations for a certain 
■ : series of anomalies, without teaching us how to calculate the equations for the 
intervening anomalies ; we must again, suppose that "V araha Mihira faithfully 
renders characteristic features of the original Siddhantas as he found them ;, 
for if he had held the opinion (which as the writer of a karana he indeed 
V m ight have held) that the practical astronomer knows enough, if he can 
. • assign the equations of the centre for, let us say, each fifteen degrees of 
;V.:. anomaly, he would no doubt not have given the general rule from the Surya 
K . ’• . 


o 


m 


SiddMnta, but calculated from it the amounts whose knowledge he considered } 
indispensable, and inserted them ready calculated in his text. 

W e therefore arrive at the conclusion that Vara ha Mihira has in no [ 
case obliterated the characteristic features of the SiddMntas he had to deal \ 
with, and that whatever distinguishes those works from one another in the 
text of the Panehasiddhlntik! really distinguished them in their original form. ; 
We may note in conclusion that there is one interesting circumstance which j 
furnishes a kind of counterproof to this conclusion. According to VII. 1. j 
and VIII. 9 the Paulisa and Romaka Siddhantas calculated the parallax in 1 
longitude at a solar eclipse in exactly the same manner. Now Varaha Mihira \ 
accentuates this agreement of the two works by stating the rule each time in J 
exactly the same words. But an author, who is so evidently desirous to mark j 
the points in which the different authorities on which he draws are at one, I 
may certainly be supposed to be no less scrupulous in stating the details in 
which they diverge. 

After having thus cleared the way, I proceed to give short summ'a- | 
ties of the doctrines of the five Siddhantas, beginning with that one which, ! 
owing to the existence of a modern recension, is best k no wig viz. the Sfirya 
SiddMnta. • ■ 

According to I, 14 the Sfirya Siddhanta of Varaha Mihira taught that s<ij 
180000 years contain 66389 intercalary months, and 1045095 omitted lunar 
days. The number 180000 is the twenty-fourth part of the years of a maM- 
yuga ; if we therefore, for comparison’s sake, multiply the figures given above 
by twenty -four, and deduce from them the number of the savana days of a : 
yuga, we obtain 1577917800; while the corresponding figure for the modern 
SiddMnta is 1577917828. The length of the sidereal year resulting from 
these figures is 36 5 d 6 h 12' 3 6" ‘5 6 in the case of the modern, and 365 d 6 K 12' 
36" in the ease of the old Sfirya SiddMnta. The latter value exactly agrees 
with that which, according to Bhattotpala and others, was assigned to the 
solar year in the Paulisa SiddMnta. 

What the old Sftrya SiddMnta taught about the mean motions of the 
sun and moon, is immediately apparent from the above statement concerning 
the nature of the yuga. The number of the moon’s sidereal resolutions dur- 
ing the yuga is the same as in the modern SiddMnta; whence it follows that 
each revolution is a little shorter (the yuga of the old SiddMnta counting 
twenty -eight days less than that of the modern one). Buies how to calculate 
the mean positions of the sun and moon are given in chapter IX ; they how- 
ever call for no special remarks, as they follow immediately from the constitu- 
tion of the yuga. — The duration of the revolution of the moon’s apogee may 



be derived without difficulty from stanzas 3 and 4 of the same chapter. From 
stanza 3 it follows that one resolution is performed in 323 l a 23 h 42' 16"76; 
while the- duration resulting from the elements of the modern Siddhanta 
amounts to 3232 a 2 h 14' 53"'4. And if, accommodating ourselves to the 
general SiddMnta practice, we determine the number of revolutions performed 
within one mahayuga, we obtain 48S219 for Varaha Mihira’s Surya Siddhanta; 
while the modern Siddhanta gives 488203 only. We note that according to 
Aryabhata also the apogee performs 488219 revolutions within one mah&yuga. 

From stanza 5 of the same chapter we learn that the old Surya Sid- 
dhanta agreed likewise with Aryabhata in reckoning 232226 revolutions of the 
moon’s node to one mahayuga ; while the modern SiddMnta counts 232228.— 
In estimating the greatest latitude of the moon at 270 minutes (stanza 6) the 
nM fihrva SiddMnta agreed with the modem one. 
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The mean motions of the planets (apart from sun and moon) are given 
in chapter XVI. The following statement shows the numbers of complete 
revolutions during one mahayuga according to the old and modern Surya 
Siddbantas. 


Modern S ft. Si 


Mercury 

Venus 

Mars 

Jupiter 

Saturn 


17937000 

7022388 

2296824 

364220 

146564 


The positions of the apogees and the dimensions of the epicycles of the 
apsis and the conjunction are given in XVII, 1—3. If will be observed that, 
as regards the numbers indicating the size of the epicycles of the apsis of 
Venus and Saturn, the translation diverges from the corrected text given by 
us. The manifestly corrupt text was at first emendated on the basis of the 
dimensions stated in the modern Surya Siddhauta, the hypothesis of the 
agreement of the two Siddh&ntas in this detail being resorted to in the absence 
of evidence decidedly favouring any other assumption. But I afterwards 
discovered that such evidence exists. The statements which Brahmagupta in 
his Khandakhadyakakarana makes about the places of the apogees and the 
dimensions of the epicycles agree with those made in the sixteenth chapter of 
the Panehasiddhantika, in all those details, in which the text of the latter work 
needs no emendation, and it therefore may be presumed that the agreement 
extended also to the epicycles of Venus and Saturn. And examining the 
traditional text of the Panchasiddhdntikd from this point of view, we find that 
instead of the ‘Surds’ of stanza 1 we have to read not ‘sards’ but ■ svards’ 
and that the £ trimAdh ’ is correct without any further addition. It is 'true 
that thus the Aryd remains defective ; but the word, or words, missing were 
most probably expletive rather than essential to the sense. Brahmagupta 
maintains his karaha to be founded on Aryabhata, or at any rate to Jive re- 
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suits equal to those to he derived from Aryabhata it is then a somewhat 
curious circumstance — into the discussion of which I cannot enter in this place 
—that the dimensions of the epicycles and the positions of the apogees assumed, 
in the Khandakhadyaka (as well as in the sixteenth chapter of the Paheha- 
siddh&ntika) differ, all of them, more or less from those recorded in the Laghu- 
Ary abhatiya. t 

The method, taught in chapter XVII, of calculating the equations of 
the apsis and of the conjunction agrees on the whole with that prescribed in 
the modern Sfirya Siddhanta, although there are several divergences in details. 
Peculiar are the special rule given for Mercury in stanza 10, and the correction 
to be applied to Venus’ place according to stanza 11. The statements as to 
the distance from the sun at which the planets become visible differ to some 
extent from those made in the modern Siddh&nta j so also the greatest latitudes 
of the planets given in stanzas 13 and 14. 

An omission which might make us suppose that the chapter as given- 
in our Manuscripts is not complete is that nothing whatever is said about the 
j places of the planets’ nodes. 

We next turn to the Paitamaha Siddhanta which indeed has not come 
down to our time, but whose teaching throughout agrees with that of a well 
known section of Hindii astronomical literature. 

Of this Siddhanta there treats only one very short chapter, of the 
PanchasiddMntika viz. the twelfth one ; but its five stanzas manifestly suffice to 
reproduce everything of importance contained in that very primitive treatise. 
The Paitamaha Siddhanta, known to Varaha Mihira, represents Hindu Astro- 
nomy as not yet affected by Greek influences, | and thus belongs to the same 
category as the Jyotisha-Vedtnga, the Garga Samhita, the Suryaprajmapti and 
similar works. Prom what Varaha Mihira says about its contents, we might 
almost identify it with the Jyotisha Ved&nga. The yuga on which the calcu- 
lations of the Pait&maha SiddhUnta base is the well known quinquennial one. 


Brahmagupta’s Khanda-khadyaka begins with the following stanza 
aiTTuira i 

aeaira tauimraassnaiqiiHausiitfjtTH n 

It is also worthy of notice that Amasarman, one of the Commentators of the Khanda- 

■ tes some stanzas from a Paulisa tantra which make the same statements about the 
the epicycles as the Khandakhkdyaka itself, and, moreover, seems generally to treat 
ss of "Aryabhata and the Paulisa as equivalent. 

As already poiuted out by me in my paper ou the Jyotisha-vedkuga, Journal of the 
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which consists of five solar years of 366 days each, and contains sixty solar j 
months, sixty-two synodical months, and sixty-seven so-called nakshatra months | 
i. e. sidereal revolutions of the moon. The beginning of the yuga is marked * 
by a conjunction of the sun and moon at the first point of the nakshatra | 
DhanishthU The duration of the longest day of the year amounts to eighteen 
muhurtas, that of the shortest to twelve muhfirtas ; in the intervening periods 
the days increase or decrease by the same daily quantity. — The Paitamaha 
Siddhanta refers to two points only which appear not to be mentioned in the 
Jyotisha V edaiiga, as far as I have hitherto succeeded in making out the 
meaning of that difficult treatise. It, in the first place, gives a rule for calcu- 
lating the so called vyatipata yogas (st. 4); and in the second place, fixes a 
period from which the quinquennial yugas are to be counted. In st. 2 Varaha 
Mihira directs us to deduct two from the S'&ka date, and to divide the remain- 
der by five ; which implies that a new yuga is supposed to begin with the 
third year of the S'&ka Era, or two Saka elapsed. 

Whether this direction is due to Varaha Mihira only, or was already 
contained in the PaitAmaha SiddhAnta, may be considered doubtful; the fatter 
alternative, however, appears to be more probable, as VarAha Mihira, if in any 
way adding to— or rendering more definite— the teaching of the Paitimaha 
SiddhAnta, would most likely have adapted it to the same initial date as the 
other Siddhantas, viz. 427 S'Aka. 

The Paitamaha (BrAhma) SiddhAnta known to VarAha Mihira has thus 
to be distinguished from the Brahma SiddhAnta on which Brahmagupta’s 
Sphuta SiddhAnta is based. That Brahma or PaitAmaha SiddhAnta is a short 
treatise in prose, forming part of the Vishnudharmottara-PurAna, and belong- 
ing altogether to the modern phase of Hindu Astronomy. The number of 
Brahma - SiddhAntas, known at present, thus amounts to four, viz. the Paita- 
maha SiddhAnta summarized in the PafiehasiddhAntikA, the Paitamaha Sid- 
dhAnta forming part of the Vishnudharmottara, the Sphuta ' BrahmasiddhAnta 
by Brahmagupta, and that Brahma SiddhAnta whose more ordinary name is \ 
Sakaiya Siddhanta. : ] 

lllll llll ^ ' ; ytpyy : ; > ; Y : \ 

■ There now remain the Romaka, Paulina and Yasishtha Siddhantas, for 

the teaching of none of which we have any other source of importance but 
the PanehasiddhAntikA. I begin with the first mentioned of these three 

treatises. . ; , y f ■ ' ' ■ . . . ' ' ; . r ■; ; : . '1 

The fifteenth stanza of the first chapter shortly describes the nature of Ro : 
the yuga employed by the Romaka Siddhanta. The yuga is called 1 one of 

the sun and moon’ i. e. a lunisolar one, and' said to comprise 2850 years, j 

■ ■ ' ■ ■ . -_j 
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which period is further stated to contain 1050 adhim&sas and 16547 pralayas 
i. e. tithipralayas, omitted lunar days. The above numbers of years and 
intercalary lunar months allow of being reduced by 150, and we thus find that, 
in the opinion of the author of the Romaka, 19 solar years exactly contain 
seven intercalary months, or— if we take the entire sum of months — that 19 
solar years comprise 235 synodical lunar months. The yuga of the Komaka 
is thus evidently based on the so-called Metonic period, named after the 
Athenian astronomer Meton who, about 430 B. C., showed the means of 
improving the Greek Calendar of his time by the assumption of 19 tropical 
years comprising 235 synodical months. — That the Romaka Siddhlnta, instead 
of making-use of the simple Metonic period, employs its one hundred and 
fiftieth multiple, has a reason not difficult to discern. The- author of the 
Romaka, although manifestly borrowing his fundamental period from the west, 
at the same time wished to accomodate himself to the Indian fashion of cal- 
' eulating the sum of days which has elapsed from a given epoch (the so-called 
ahargana) by means of a cyclic period comprising integral numbers of solar 
years, lunar months and natural days. Now the simple Metonic period does 
not represent an aggregate of the nature required, neither if we — with Meton 
himself— estimate the length of the tropical year at 365 % days, nor if we avail 
ourselves of tbS more accurate determinations by which later Greek' astrono- 
mers improved on the work of Meton, and it therefore becomes requisite to 
employ a multiple. Wjhat the multiplying number is to be, of course depends 
on the value assigned to the length of the year, and we therefore have to as- 
certain the opinion held on this point by the author of the Romaka. The 
data supplied in stanza 15 enable us to do so without difficulty. For if we 
multiply the 2850 years of the Romaka yuga by 12 (in order to- find the num- 
bs her of corresponding solar months), add the 1050 adhim&sas (whereby we 
; obtain the number of synodical lunar months), multiply by 30 (so as to find 
the lunar days), and finally deduct the 16547 tithi pralayas, the final result 
' amounts to 1040953 natural days ; which being divided by 2850 (the number 
of the years of the yuga), we obtain for the length of one year 365 a 5 h 55' 12".' 
But in order to form an aggregate of years which contains an integral number 
j of days and at the same time is divisible by nineteen, 19 x 50 = 2850 years 


mce the above determination of the year’s length was adopted by 
of the Romaka, there cannot be. any doubt. The year of the 
down to seconds, the tropical year of Hipparchus or, if we like, 
who accepted the determination, considerably faultive as it was, 
3 great predecessor. 


y The rule for calculating the ahargana according to the Romaka 
(I. 8 — 10), and so likewise the rules for finding the mean places of the sun 
and the moon (VIII. 1. 4) immediately follow from the constitution of the 
yuga, and have been elucidated in the notes to the translation. The length 
of the periodical month would, according to the Romaka, amount to 27 d 7 h 
43' 6.3". 

To the apogee of the sun the longitude of 75° is ascribed in VIII. 2. 

The apogee of the moon and its periods of revolutions are not, in the usual 

Indian style, treated apart from the moon’s motion ; the 8th chapter (stanza 5) 
rather contains a rule for calculating the moon’s position with regard to her 
apogee directly i. e. without any preliminary separate calculation of the apo- 
gee’s place. The kendra mentioned there is the moon’s anomaly, and the rule 
implies that the anomaly revolves 110 times within 3031 days, in other words 
that the moon returns to her apogee, or performs one anomalistic revolution, 
in 27 d 13 h 18' 32". 7. )I|||SI 

, By deducting the longitude of the sun’s apogee from the mean longi- 
tude of the sun we find the sun’s anomaly, and may then proceed to calculate 
his true longitude. For the latter process the Romaka Siddhanta however 
does not supply any general rule, enabling us to deduce the required equation 
of the centre for any given anomaly ; but contents itself with stating the 
amounts of the equation from 15 to 15 degrees of anomaly. These amounts 
are stated in VIII. 3, and it is of interest to note that they agree very closely 
with the corresponding amounts given by Ptolemy. The greatest equation 
of the centre, which according to the modern Shrya SiddMnta amounts to 
2“ 10' 13", and which in no other Hindu text book known to me greatly differs 
from this latter value, according to the Romaka amounts to 2° 23' 23", while 
Ptolemy assigns to it the value of 23'; and also the equations for the 
smaller anomalies show a pretty close agreement, as appears from the follow- 
ing tabular statement 


Degrees of Anomaly. 


Equation of centre according 

to the Romaka. 34' 42" 1° S' 37" 




60 75 


2° 2' 49" 2° IT o" 


, According to Ptolemy. 

The values quoted from Ptolemy are those given by him for the quadrants of 
the apogee. The Romaka Siddhanta apparently makes no distinction of 
quadrants, but employs the same equations indiscriminately for all. 
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In an analogous manner stanza 6 states the moon’s equations of the 
centre from 15 to 15 degrees of anomaly. These equations do not agree very 
closely with the corresponding ones of Ptolemy, according to whom the great- 
est equation amounts to 5° 1'. — The length of the revolution of the moon’s 
node amounts, according to VIII. 8, to 67 96 d 7 h , in pretty close agreement 
with Ptolemy’s determination of the same quantity, viz. 6796 d 14 h etc. — Con- 
cerning the greatest latitude of the moon we have two conflicting statements 
implied in VIII, 11 and VIII. 14, provided the interpretation of those 
stanzas given in the translation be right. According to the former it would 
amount to 240' ; according to the latter to 270', which is the value ordinarily 
met with in Hindi! astronomical works. Regarding the explanation given in 
the translation of stanza 14 I have to remark that it is an attempt on the part 
of my colloborator to connect the rule with the usual estimation of the moon’s 
greatest latitude, while the fraction f-, if its denominator be taken as the 
reduced Radius, would strictly lead back to a greatest latitude of 280'. That 
different values should be ascribed to the same quantity in one and the same 
book, might prim& faeie appear inadmissible; but it is by no means impossible 
that in some of the older Siddhantas there were incorporated empirical rules, 
borrowed from various sources, the rationale of which was not understood. 


Stanza 13 gives 30' and 34' for the mean measure of the diameters of 
sun and moon respectively, and st. 15 gives the ordinary Indian rule for find- 
ing ‘the true diameters from the mean diameters and the true and mean 
motions. 


The greatest parallax is, as in Indian astronomy generally, supposed 
to be equal to the mean motion during four nadikks ; hence the rule given in 
st. 9 for calculating the parallax in longitude, the result being the difference 
of the parallaxes of the sun and the moon. 

The parallax in latitude is calculated on the same principle (stanzas 10 
—14), the result however not giving the difference of the solar and the lunar 
parallaxes, but merely the latter one, the solar parallax being neglected. An 
inaccuracy in the preliminary determination of the zenith distance of the 
nonagesimal is noted in the translation. — The rule for calculating the duration 
of the eclipse, after the true latitude has been ascertained (st. 16), is the 
usual one, ' . ' 

What remains unexplained of the Romaka Siddhanta are, principally, 
the different kshepa-quantities met with in the rules for finding the ahargana 
(Chapter I), and the mean places of sun, moon. etc. (Chapter VIII). They 



of course, are intended to enable us to start in our calculation from the epoch 
of the PanehasiddhAntika (or of the, or some, Romaka-Siddhanta, about which 
see below), and their elucidation would probably lead to some interesting 
results. It will be observed that the rule for calculating the ahargana 
professes to be adapted to the meridian of Yavanapura, while the rules for 
finding the places of the sun, moon etc. refer to the meridian of UjjayinL* 
The difference in longitude of those two places is stated by Var&hamihira — 
following the Paulisa Siddhanta as it appears — in III. 13. — A further 
reference to the Romaka which has remained obscure to us seems to be made 
id III. 73. — Whether any of the rules concerning the planets which are 
given in the last chapter base on the Romaka SiddMnta, is doubtful. 

Prom this short summary of the contents of the Romaka Siddhanta 
I pass on to the consideration of its authorship and time of composition, 
coupling therewith — for reasons which will appear later on — an enquiry as to 
the date of the Pahehasiddhlntika itself. 

Hitherto it has been generally held, on the authority of Colebrooke 
and Bhau Dap, that the original Romaka Siddhanta was composed by Srishena; 
an opinion which I myself, when writing my paper on the Panchasiddhantika 
( Journ. Asiat. Soc. of Bengal) was not prepared to abandon entirely, although 
then already certain considerations led me to suggest that Srishena’s work 
might after all have been a mere recast of an older treatise of the same name. 
This latter view I now feel inclined to set forth as the only true one. 

The authorities for Colebrooke’s and Bhau Daji’s opinion were 
Brahmagupta and his commentator Prithtklaka Sv&min. Brahmagupta, in 
a considerable number of passages of his Sphuta SiddMnta, refers to Srishena 
by name, and in connexion with those passages his commentator repeatedly 
remarks that Srishena was the author of the Romaka SiddMnta. And in 
one passage at least Brahmagupta himself mentions Srishena in connexion 
with the Romaka Siddhanta. That passage which is found in the Tantra- 
parikshadhyaya (the 11th chapter of the Sphuta Siddhanta) was discussed by 
me in the paper referred to above (pp. 290 ff), but owing to the very corrupt 
form in which the Manuscripts of the Sphuta Siddhanta exhibit its text I 
did not at that time fully understand it, so that the meaning of just its. most 


* The truth of this remark of course depends, in the first place, on the correctness of 
the emendation in VIII. 5 owing to which we have substituted saws astora (read so in the 
text, instead of ssRirag^TU) for the "ewmaeaf of the Manuscript; and in the second place, on 
the assumption that the clause “ at sunset, at Avauti ” has to be connected generally with the 
rules given in stanzas 1—5. But both this assumption and the emendation appear to me 
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important clause escaped me, as it seems to have escaped Colebrooke and 
Bhau Dajl The test of the passage, as appearing in Colebrooke’s manuscript 
(now in the India Office Library), runs as follows : — 

«?srrfafaHaT3Tfj nfafsa# i; 

grsmroffirfiTfa awnnfg StottF* i a 
’sniontKfitai anfnfggssTR asufir is 
^TOisf|a3T5iiiT w«3ifd|f : ggtnHT g i u 

wunq i s . 

gTraTHaiHinm?gfiTeiHTTfa5i3dfg-3!fivi3T^ i s 
nat^ qftfuoTms3C5i*mriajt3H3TH i c 
srtifciN dhfnntrasffrara: i € 

enffiat ufregrT uffgssi fausraf w i *10 

. The other Manuscripts of the Sphuta SiddhUnta known to me (one 

belonging to the Bombay Government ; one, a modern copy, in the library of 

the Benares College ; and one in the Royal Library of Berlin) have some 

important different readings. They all read in line 1 sits 0 instead of srra 0 and 

in line 5 arama ° instead of sran*03 o . In line 7 the Ben. MS. reads sniwTfga 0 ; 

the Berlin MS. has ; and the Bom. MS. af^iwraimg 

■■ * ' ° 
®aaTSTtj. In line 8 the Bom. and Ben. MSS. read vhivmragnsi'aRujnsmi 0 . Line 

9 runs in the Berlin MS. gama JjitrUT hth: The Ben. MS. 

reads ajfkctT sraT, and the Bom. MS. Jiatren TaraarreaiTfj 

In line 10, instead of august the Ben. MS. has FutsiuSt, the Bom. MS. rafgmfa 

(not to mention less important differences). 

The general purport of this passage is clear. It is meant as a criticism 
of the performance of S'rishena, who in composing his astronomical text book 
borrowed rules and processes from various sources, and combined them into 
an incongruous whole. Leaving aside for the present the second half of 
line 7 , and line 10, we may— emendating the text as given above with the 
help of the varietas lectionis — render the passage as follows. 

‘From the fact that S'rishena, Vishnuehandra, Pradyumna, Aryabhata, 
Lata, and Simha contradict one another regarding eclipses and similar topics, 
their ignorance is proved daily. The criticisms which I (in the preceding part 
of the chapter) have passed on Aryabhata are, with the requisite modifications, 
to be applied to the doctrines of each of those teachers as well. I will however 
make some further critical remarks on S'rishena and others. 
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Mars, Mercury’s S'lgiira, Jupiter, Venus’ S'ighra and Saturn ; from the 

elapsed years and revolutions of the, yuga; from Aryabhata the rules 
concerning the apogees, epicycles and nodes, and those referring to the 
true motions of the planets ; and thus ’ 

Here' we are confronted by the latter half of line 9, which seems to 
state that thus the Romaka (SiddMnta) was composed (kritah) by Srishena. 
But this would leave unexplained the last word of the line which three 
Manuscripts give in the form ‘ kantM.’ Keeping therefore this latter reading, 
and substituting (with the Berlin and Bom. MSS.), ‘ ratnoehchayo ’ for the 
four aksharas preceding ‘ Romakah,’ I translate ‘and thus the Romaka 
(SiddMnta) which was (or ‘is’) a heap of jewels (as it were) has, by 
SMshena, been made into a patched rag (as it were).’ 

In other words : S'rishena incorporated into the old genuine Romaka 
Siddhanta elements borrowed from various heterogeneous sources, and thereby 
spoilt it, making it look like a piece of cloth, or dress, made up of various 
patches. 

The Romaka SiddMnta going under Srishena’s name was thus not the 
original one, but merely a recast of it, into which new matter borrowed from 
different astronomical writers had been introduced. This is neither improb- 
able in itself, nor altogether destitute of collateral proof. For if we compare 
the information concerning S'rlshena’s Romaka Siddhanta, given by Brahma- 
gupta, with what we now know about the Romaka SiddMnta epitomized by 
Varaha Mihira, certain differences between the doctrines of the two works 
present themselves at once. I here confine myself to two points, the 
consideration of which does not necessitate a reference to any other passage 
from the Sphuta Brahma SiddMnta but the one quoted above. The first 
point of disagreement is that Srishena, according to Brahmagupta, borrowed 
his rules for the spashtikarana i. e. for the calculation of the true places of 
the planets, from Aryabhata. Now Aryabhata’s rules are known to us from 
the Laghv-ftryabhatiya, and we observe that they agree in all essential points 
with the corresponding rules of the Surya SiddMnta, specifying, as the latter 
work does, the dimensions of the paridhi — epicycle of each planet, and 
teaching how the equation of the centre is to be calculated trigonometrically 
for any given anomaly. Var&ha Mihira’s Romaka SiddMnta on the' other 
hand, as we have seen above, makes no mention of epicycles, does not in. fact 
give any generally applicable rule for calculating the equation of the centre, 
but merely states in a tabular form the equations, howsoever calculated, for 
each fifteenth degree of the anomalies of sun and moon. That Romaka Sid- 
dMnta therefore manifestly had not borrowed its rules from Aryabhata, and 
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hence cannot be identified with S'rlshena’s work. On the other hand it is 
quite intelligible that S'rlshena, who appears to have followed the old Romaka 
Siddhanta as far as the mean motions of the planets are concerned, should 
have borrowed the rules for calculating the true places— which his principal 
authority was unable to supply- — from the work of Aryabhata. A second 
aro-ument may be drawn from what, in line 7 of the extract quoted above 
from Brahmagupta, is said about S'rlshena having borrowed from some other 
work (apparently some Vasishtha Siddhanta) his theory as to the elapsed 
years and revolutions of the yuga. Judging from the expressions made use 
of in that place and from the context in which it stands, Srishena s views 
about the yuga must have been akin to those generally held in the Siddhantas 
on that point, the yuga being a vast period of time comprising integral 
numbers of complete revolutions of all the planets. But as we have seen 
above, the yuga employed in the old Romaka Siddaanta was an altogether 
different one, of a strictly lunisolar character and hence consisting of a com- 
paratively moderate number of years. When, therefore, Brahmagupta, in 
the first chapter of the Sphuta Siddhanta-, animadverts on the non-traditional 
character of the Romaka Siddh&nta* he manifestly does not refer to the 
recast by S'rlshena in whose hands the Romaka Siddhanta had assumed a 
more orthodox form, but to the genuine Siddhanta, which at Brahmagupta’s 
time was no doubt still in existence and duly distinguished from Srlshena’s 
treatise. , . 

We next have to consider the bearings of a date which, in the first 
chapter of the Panchasiddhantika, is mentioned in connexion with the Romaka- 
SiddMnta. Stanzas 8—10 which give a rule for calculating the ahargana 
(i. c. the sum of civil days which have elapsed from an initial epoch up to a 
given date) direct us first to deduct 427 from the number of the current Saka 
year, which means that the initial epoch of the calculation is 427 Saka. It 
then proceeds to explain the details of the calculation of the ahargana, and 
closes with the words ‘ this is the ahargana in (or, according to) the Romaka 
Siddhanta.’ 

That this date — 427 Saka — is mentioned in the Panchasiddhantika, 
has been known to scholars since a considerable time. The astronomers of 
XJjjayini who furnished to Dr. William Hunter the list of astronomers with 
their dates, published by Colebrooke (Algebra p. XXXIII), gave 427 Shka as 
the time of (their second) Varaha Mihira. Albe uni refers to it as the date 



of the PahehasiddMntikl BMu Daji quotes the stanza trom tne i anciw 
siddh&ntik& as furnishing the epoch of the Romaka Siddhanta, adopted by 
Yaraha Mihira also. (J ourn. Royal Asiat. Soc. New Series Yol. I). Dr. 
Kern is inclined to look upon 427 Saka as marking the year of the^ birth of 
Yaraha Mihira who, as appears from a passage quoted by Bliau Daji, died in 
Saka 509. 

All these views clearly have no further foundation than the passage of 
the Pafiehasiddhantikfi about the calculation of the ahargana. The view that 
427 Saka is the year of Yar&ha Mihira’s birth we may set aside without hesita- 
tion. Dr. Kern was led to that hypothesis partly by the consideration that the 
PahchasiddMntiM, which in one place refers to Aryabhata’s views, could 
hardly have been composed in 505 A. D. when - Aryabhata born in 476 

A, D. W as only 29 years old. We now know — from Dr. Kern’s edition of 

the Aryabhatlya — that Aryabhata composed his work in 499 A. D. already, 
so that he might very well have been quoted in a book writtten in 505 A. D. 
The other argument brought forward by Dr. Kern, viz. that Yaraha Mihira 
died in 587, certainly goes some way to prove that the Pahchasiddhantika 
was not written in 505, but not that Yar&ha Mihira was born in the latter 
year. The text of the Pafichasiddliaatika enables us at present to judge of 
the position of Yar&ha Mihira with regard to the date 427 Saka. Prom the 
chapters on the Surya Siddlianta it appears that Yaraha Mihira considers 
that year to be the epoch of his karanagrantha from which all astronomical 
calculations have to start ; for all the kshepa quantities involved in the 
different rules, given in those chapters for finding the mean places of sun, 
moon, and planets, can be accounted for satisfactorily on that basis. I 
have no doubt that also the kshepa quantities stated in the -Romaka and 
Paulisa Chapters admit of being explained on the same supposition; but 
unfortunately we have so far not succeeded in finding the clue to their right 
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last circumstance indeed, taken by itself, "would not suffice fully to convince 
me, that the date 427 S’aka is not one of Varaha Mihira’s own choosing; 
for the phrase ‘according to the Romaka Siddh&nta ’ might only mean that 
the general principles on which the ahargana is calculated (viz. the equations 
between solar years and lunar months, and again between civil days and lunar 
days) are taken from the Romaka Siddanta, while at the same time the fixa- 
tion of the initial epoch — a point comparatively unessential and moreover 
specially requiring to be settled anew in the case of each new Karana — might 
be due to Varaha Mihira. But as, after all, 427 Saka cannot, for the reason 
stated above, ' be the date of the composition of the PanchasiddMntiH, we 
may admit that the whole rule about the ahargana, inclusive of the kshepa 
quantity 427, was borrowed by Varaha Mihira from the Romaka Siddhanta, 
as was assumed by BM,u D4ji already. It is true that we are unable to 
assign a sufficient reason for Varaha Mihira’s choosing to take over the epoch 
of one of his Siddhantas rather than to fix his own, which would have been 
a comparatively easy matter. There may have been special circumstances 
rendering the year 427 S'aka a more convenient starting point than a later 
year ; but I am not for the present able to point out any such. 

For the time of the composition of the Pahchasiddhantikd itself there 
would thus remain the period between 505 and 587 A. !>., so that we shall 
probably be not far wrong in fixing it about the middle of the sixth century. 

A further question, however, arises in connexion with the date 427 
S'aka. Admitting that it was taken over by Varaha Mihira from the (or a) 
Romaka Siddhanta, have we to understand thereby the original Romaka, # 
and consequently to fix the date of that work as late as 505 A. D ? This 
question is one of interest in itself, and moreover has a bearing on the more 
general question as to the period to which we have to assign the beginnings 
of the modern, scientific, phase of Hindu astronomy. 

For reasons, which I shall set forth after having finished the survey 
of the contents of the five Siddh&utas, I consider it altogether improbable 
that any of those treatises should have originated so late as 505 A. 13., i. e., 
not earlier than, let us say, forty or fifty years before the composition of the 
Pahehasiddbintik&. Meanwhile I, wish to direct attention to a special cir- 
cumstance which seems to favour the conclusion, that the original Romaka 
Siddhanta at any rate was composed earlier than the date mentioned. 

From the third stanza of the first chapter it appears that already 
before the composition of the Panchasiddhantika the Romaka Siddhanta had 
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been commented upon (vyakhyata) in some way or other by Latadeva. Now 
it is not of course impossible that L&tadeva’s vy&khy&na was merely 
an ordinary explanatory commentary, composed at some time or other in the 
period intervening between A. D 505 (supposing' this to have been the date 
of the original Romaka) and the year (let us say about 550) in which the 
Panchasiddhintika was written. Another alternative, however, appears to 
me the more probable one, for the following reason. I do not consider it 
likely that Varaha Mihira should have mentioned Latadeva at all in connexion 
with the Romaka, had he been nothing more than an ordinary commentator 
of that work. The fact that he does so mention him seems rather to indicate* 
that Latadeva occupied a somewhat more independent position with regard 
to the Romaka, possibly that of a writer who recasts an earlier work, or 
adapts it to a later epoch. That IAtadeva was more than a mere scholiast, 
appears, moreover, from the fact that Brahmagupta refers to him as an 
astronomical writer, and, what is particularly important, that Varaha 
Mihira himself, in XV. 18, thinks it worth while to quote the opinion of 
L&ta (of whose identity with the Latadeva of the first chapter I see no 
reason to doubt) concerning the time of the day from which the ahargana 
has to be calculated. And the details given in this last quotation lead us a 
step further. It is there said that according to Lata’s view the beginning of 
the astronomical day has to be reckoned from the moment when the sun has 
half set at Yavanapura. Now this very same view, which here is mentioned 
as peculiar to Lata and as such contrasted with the diverging views of other 
astronomical writers on the same subject, is found incorporated in the rule 
(I. 8) which professes to teach how the ahargana has to be calculated accord- 
ing to the Romaka Siddhanta. That rule we therefore are entitled to look 
upon not as directly borrowed by Var&ha Mihira from the old original 
Romaka Siddh&nta, but rather as constructed by LiVfca on the elements of 
that work in such a form as to answer the requirements of his time, and 
transferred, by Varaha Mihira, from L&ta’s work to the Panchasiddhdntika. 
Hence the date 427 S'aka also has to be taken, not as the date of the original 
Romaka Siddhanta, but rather as the date of L&ta or, more definitely, as the 
date which L&ta, in his comment on — or adaptation of — the Romaka chose 
for his epoch. How much older the original Romaka Siddhanta may have 
been, is a point which we will touch on below. 

Concerning the special character of Lata’s work we may conjecture 
that it stood to the Romaka SiddMnta in somewhat the same relation as 
Karanas generally stand to Siddhantas. In conclusion I point out that some 
connexion between Lfita and the Romaka Siddhanta seems to follow also 
from the statement made by Brahmagupta in the passage quoted above 
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at length viz. that S'rishena took the elements of the mean motions of the 
planets from L&fca, For unless LAta himself had taken these elements from 
the Romaka, there -would appear no reason whatever why the work of 
S'llshena, who according to Brahmagupta had borrowed all other elements 
from other sources, should have been called a ‘ Rom aka’ SiddMnta. We can, 
on the other hand, understand that a Hindu astronomical work should adopt 
the name of that SiddMnta with which it agreed in the rules for calculating the 
mean motions of the planets ; for the latter constitute the most characteristic 
item by which a Siddhanta distinguishes itself from other works of the same 
class. 

The Paulina SiddMnta next calls for a short review. 


The fundamental information about this Siddhanta viz. that concerning 
the formation of the ahargapa is contained in stanzas 11-13 of the first 
chapter which unfortunately appear in the Manuscripts in so corrupt 
a form that we are unable satisfactorily to explain the details. The leading 
principles of the calculation may however be discerned, all the more readily 
as they seem not to present any altogether new feature. The number 976 
(ritu— sapta — nava— bhakt&h) which in stanza 11 is exhibited as a divisor, 
no doubt indicates the number of solar days after the lapse of which a lunar 
month has to be intercalated, and the 63 of the same stanza (tri— ritu) seems 
to refer to the number of lunar days going to one avama or omitted lunar 
day. The two next stanzas then most probably state the corrections which 
the employment of the stated, round numbers renders it necessary subse- 
quently to apply ; the amount and mode of those corrections we are however 
unable to extract from the incorrect text. — The Paulisa SiddMnta, thus, in 
order to find the total of civil days, which have elapsed from a certain epoch 
up to a given date, takes the usual steps through adhimisas and avamar&tras 
(tithipralayas), does not, however, base its calculation on any cyclic period 
comprehending integral numbers of years, lunar months and omitted lunar 
days ; but reaches its aim in a more direct manner by establishing small aggre- 
gates of days which approximately contain one intercalary month or one 
omitted lunar day, and subsequently applying an appropriate correction. 

Our imperfect understanding of the details of the text prevents us 
from deriving from the two stanzas discussed the exact length of the year 
and the mouth according to the Paulisa SiddMnta, The length of the year, 
however, follows from another passage viz. III. 1, which teaches how to find 
the sun’s mean place, and bases on the assumption of a year of 365 d 6 h 12 m . 

The rule for finding the place of the moon, given in the former part 


of. the second chapter* is of a nature widely differing from the corresponding 
rules exhibited by the best known Siddh&ntas. It therefore puzzled us for 
a very long time— all the more as the text the two Manuscripts exhibit is 
just in that place far from correct — , until light fell on it from a somewhat 
unexpected quarter. If we indeed had noticed from the outset that the 
divisor 3031 mentioned in stanza 2 is the same as the one which the Romaka 
SiddMnta (viii. 5.) employs for finding the place of the moon’s kendra, we 
.might have penetrated more quickly to the sense of the rule given in the 
Paulisa SiddMnta ; but that circumstance escaped our attention at the 
time, and the first clue to the solution of the difficulty was actually supplied 
by the observation that the contents of the earlier part of chapter II. of the 
PauchasiddMntiM show clear analogies to the methods employed, according 
to Warren and Bailly, by the astronomers of certain parts of southern India 
for the purpose of finding the mean and true places of sun and moon. Ac- 
cording to Warren (Kila Sankalita pp. 118 ff.) the astronomers of all those 
regions of the Deccan where the Tamul language is spoken make use, for 
calculating the longitudes of sun and moon, of a peculiar process called by 
him the solar or Vakiam process, whose characteristic feature is that it 
enables us to find the true plapes without having previously ascertained the 
j. mean ones. This is accomplished (if we limit ourselves in what follows to the 
processes concerning the moon which alone are analogous to those employed 
in the Paulina SiddMnta) by directly calculating how many times within a 
given ahargana the moon has returned to her apogee or perigee, rejecting the 
days within which complete revolutions have been performed, and taking the 
‘ true motion for the remaining days. To that end there are established 
periods, comprising integral numbers of days, within which the moon per- 
forms a certain number of anomalistic revolutions, and by these periods the 
given ahargana is divided in succession ; the quotients may then be rejected 
eaetx time, and only the last remainder taken into account for finding the 
moon’s place. These periods are ffour in number, called t Vedam, Rasa 
Glierica/Calanilam, and Devaram. The Devaram consists of 248 days which 
comprise 9 complete anomalistic revolutions of the moon ; the Calanilam 
: comprises 3031 days =» 110 revolutions; the Rasa Gheriea comprises 12372 days 

_ 44 i revolutions ; the Vedam again is a certain multiple of the Rasa Gherica 
and comprises 1600984 days. The given ahargana is at first divided by 
12372 ; again the remainder by 3031; and again the remainder by 248. 

. . « I here adopt the alternative,' discussed above, of the earlier part of the second chapter 

.reproducing doctrines of the Paulisa SiddMnta. 

f 1 viva these names in the— presumably incorrect— forms in which Warren exhibits them. 
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The remainder of this last division. — called by Warren Chandra "Vakiam 
Dhurmavahanam — is then used as the argument of a table which gives the 
moon’s true place and true motion for each day of a period of 248 days ( = 9 
anomalistic revolutions). — If, on the other hand, the moon’s mean place is 
required, use is made of certain constant quantities indicating the amount of 
the moon’s mean motion during each of the periods stated above, to which 
there is finally added the moon’s mean motion during the days indicated by 
the last remainder. 1 or one devaram f i., the moon’s mean motion, according 
to the Telugu Astronomers, amounts to 27° 44' 6" (entire revolutions being 
rejected) ; during one Calanilam to 11 s 7° 31' 1", and so on. 

Now the rules given in the beginning of the second chapter of the 
P anchasiddhantika are analogous to those of the Telugu Astronomers. The 
periods employed there for calculating the moon’s place are two in number ; 
one called ghana and comprising 3031 days, which is identical with the 
Calanilam of the Telugus ; and another called gati, which consists of 248 ninths 
of a day, and thus represents one anomalistic month*. No reference appears 
to be made to longer periods such as the Vedam and the Rasa Gherica of the 
Telugus * periods of the latter kind are indeed not required for the purposes 
of a Karana whose rules are meant to be applied only to comparatively small 
aharganas. If then we retrench from a given number of days all the entire 
ghanas contained in it, and again retrench from the remainder all the entire 
gatis which it comprehends, the last remainder alone is required for calculat- 
ing the moon’s true place; for it indicates what fraction of the current 
anomalistic revolution the moon has performed, and a simple rule, or table- 
will then suffice to show the amount of equation of the centre which has 
to be added to or subtracted from — the moon’s mean longitude in order to 
render it true. Another set of rules is, however, required for enabling us 
to assign the mean longitude of the moon. This want the PanchasiddMntika 
supplies by stating the total amount of mean motion accomplished during 
each ghana, and each gati ; so that we have, in each given case; to multiply 
those amounts by the number of elapsed ghanas and gatis and add up the 
results. It then remains to find the mean motion for the fraction of the non- ' 
completed gati, and to determine the corresponding amount of equation of the 
centre. Rules for these procedures— or for a part of them— are most probably 
contained in stanzas 5 and 6, which we however are unable to explain. 

It further can hardly he doubted that stanzas 4 — 9 of the third chapter 
return to the moon, and give some further rules for ascertaining her true 
• place and motion ; this the general wording of the passage, and terms such as ' 
-liana and gati which occur in it, seem clearly to indicate. Rut we have not 
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succeeded in unriddling those stanzas ; and are therefore also not in a position 
to explain why they, if bearing on the teaching of the same Siddhinta as the 
former half of chapter II., should yet be separated from the latter by an 
intervening set of rules concerning altogether different matters. 

The rule for finding the true place of the sun (III. 2, 3) resembles 
the corresponding rule of the Romaka Siddhanta, in so far as it does not 
teach a general process for finding the equation of the centre for any given 
anomaly, but merely states the amount of the equation for each thirty degrees 
of anomaly. The degrees of the anomaly are however not reckoned from 
the apogee, but from the first point of Aries, so that the equation of the 
centre can be added to — or subtracted from— the sun’s mean longitude with- 
out any preliminary deduction of the mean longitude from the longitude of 
the apogee. # The latter quantity is estimated at 80 degrees. Stanza III. 
17. contains a corresponding rough statement of the sun’s mean daily motion 
during each month of the solar year ; here too we miss a general rule enabling 
us to calculate the true motion for any given time. 

The estimation of the length of the revolution of the moon’s node 
given in III. 26. differs but little from that made in the Surya Siddh&nta and 
the great majority of Hindu astronomical works.— The greatest latitude of 
the moon is put equal to 270' (III. 31). But here also — as above in the case 
of the Romaka Siddhanta — we meet with another rule which appears to pre- 
suppose a greatest latitude of 240' only, viz . , the rule given in VI. 5. for 
calculating the duration of total obscuration during a lunar eclipse. A simi- 
lar rule on the other hand which likewise seems to belong to the Paulisa 
SiddMmta (VI. 6) again seems to be based on the assumption of the moon’s 
"greatest latitude amounting to 270'. 

The processes prescribed in the Paulisa Siddhanta for the calculation 
of lunar and solar eclipses are of a very rough nature and much less accurate 
than the corresponding operations according to the Romaka and Stirya 
Siddhantas. ■ The author of the Paulina apparently aimed at nothing further 
than the establishment of convenient numerical formulas, gave no exposition 
of the general theory of the subject, and, for the sake of ease of calculation, 
introduced merely approximative values. Ho rule is prescribed for ascertain- 
ing the true (apparent) dimensions of sun, moon, and shadow at the time of 
an eclipse From VI. 4. it seems to follow that the mean value of the moon’s 
diameter is ‘supposed to amount to 34', and that of the shadow to 76'. Sorne- 
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what different values seem however to result from VII. 6, which stanza also 
appears to imply a statement of the sum of the diameters of sun and moon. 
It is difficult to speak on these points with assurance, as the details of the 
rules cannot in all cases he explained with full confidence, and several entire 


stanzas have remained altogether obscure to us. 



The stanza VII. 1. gives the ordinary rule for calculating the parallax 
in longitude. We are unable to point out any rule for determining the 
parallax in latitude. , 

Among other items of doctrine which appear to be based on the 
Paulina SiddMnta there may be noted the interesting statement of the differ- 
ence in longitude of Yavanapura on the one, and Ujjayini and Benares on the 
other hand, which agrees fairly well with the assumption of Yavanapura 
being Alexandria.* Next the rule (III. 14) for calculating the difference in 
longitude of two places whose distance in yojanas is known ; an approxima- 
tive rule which would give tolerably correct results for places not very remote 
from each other. — The same chapter (21) also contains the famous, often 
quoted, statement regarding the former position of the solstice, in which the 
word ‘right' (yukta), as we now see, can only be explained from the context 
in which stanza 20 stands with the preceding one. 


We may also mention in connexion with the Paulina SiddMnta the 
table of sines given in the fourth chapter, although it is doubtful from which 
SiddMnta it was borrowed by Varaha Mihira. It may have been common to 
the three scientific SiddMntas ; the values assigned in it to the different sines 
are employed by Var&ha Mihira throughout the PanchasiddMntika, where- 
ever such are required. The most interesting feature of the table is that it 
bases on a subdivision of the Radius into 120 parts and of each of those 120 
parts into 60 ; instead of subdividing the Radius, in the ordinary Indian ■ 
fashion, into 3438'. It thus closely follows the Greek fashion of expressing 
the values of sines, only preferring to divide the Radius into 120 parts instead 
of sixty. In the majority of cases the agreement of the stated values of the 
ith those given by Ptolemy is as close as possible, taking into account 
i,tter writer subdivides his hundred and twentieth parts of the 
ito minutes and seconds, while the table in the PafichasiddMntika 
ides into sixtieth parts only. There are however a small number of 
hich the agreement is not complete. The Sanskrit text had in a few 
to a fconsiderable extent, and it thus is not impossible 
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On the other hand the circumstance that the amount of each sine is not stated 
directly, but has to be arrived at by the summation of the amounts of all the 
preceding sines favours the presumption of the emendations made being the 
right ones on the whole ; for if they were not, the table as it now stands 
might , be expected to show greater, and more regularly progressing, de- 
viations from the true values of the sines than it actually does. 

It may be noted that, in case of the table of sines basing on a Greek 
prototype, the plan of subdividing the Radius — and not the diameter — into 
120 parts would have enabled the borrower to take over, without any change, 
the amounts assigned in the Greek table to the chords of the angles, and. to 
insert them in his own table as the values of the sines of half those angles. 

We finally have to compare the information about the Paulina Sid- 
dMnta given in the PanchasiddMntika with what we know from other sources 
about the same work, or at any rate a work of the same name. The sources 
alluded to are . principally Bhattotpala’s commentary on Var&ha Mihira’s 
Brihatsamhita, and Prithudaka Svamin’s commentary on Brahmagupta’s 
Sphuta BrahmasiddMnta, and from them Colebrooke already extracted the 
most noteworthy points. It appears that the Paulina SiddMnta, known to 
the two Scholiasts referred to, was a work following the same general methods 
as the Sfirya SiddMnta, Aryabhata and all the later astronomers ; at any 
rate it agreed with the great majority of Hindu astronomical works in es- 
tablishing a mahayuga which contains an integral number of s&vana days etc. 
and of revolutions of the planets. The data proving this are to be found in 
Colebrooke’s essays vol. II. p. 365 ; from them it also follows that the length 
of the year, according to the Paulina Siddh&nta, amounts to 365 a 6 h 12 m 36". 
Now, in spite of the corruption of the text of those passages in which 
Varaha Mihira treats of the Paulisa SiddMnta, it is clear that the work of 
that name whose contents are summarized in the PanchasiddMntiM followed a 
plan altogether different from that of the Paulisa SiddMnta referred to by 
Bhattotpala. I need not restate here in detail what has been remarked 
above about the methods employed by the Paulisa of the Panehasiddhantika ; 
it will be remembered that in calculating the ahargana, and the mean as well 
as true places of the planets, it employs peculiar methods of its own, which 
sharply distinguish it from the Paulisa of Bhattotpala and works constructed 
on analogous °lines. The length of its year amounts to 365 4 6 h 12 m , while, 
on the other hand, the length of the year of the Paulisa known to Bhattotpala 
is the same as that of the year of the Surya Siddhanta known to Var&ha 
Mihira. And if any of the rules, given in the last chapter of the Pafieha- 
siddMntiM for calculating the places of the planets, base— as not improbably 
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they do — on the Paulisa Siddhanta, they supply an additional feature mark- 
ing off the two Paulisa Siddhantas from each other. 

We are thus led to the conclusion that the Paulina Siddhanta also has 
in the course of time undergone recasts, and that that form of it which was 
known to Bhattotpala widely differed from its original form-, so widely indeed 
that there is some reason for wondering. that the later work could go by the 
same name as the earlier one. 

About the Vasishtha Siddhanta the Panchasiddh&ntika, as exhibited 
in the two Manuscripts at our disposal, gives only very scanty information. 
Var&ha Mihira, indeed, places the Vasishtha Siddhanta, together with the 
Paitamaba Siddhanta, in the lowest rank of the works whose tenets he repro- 
duces ; yet it appears strange that its teaching should not be treated at some- 
what greater length. If anything, it is the small space allotted to the 
Vasishtha Siddhanta in the text of the PanchasiddlAntilA as here edited, 
which hiight induce us to suppose that certain parts of the Work are missing 
in our Manuscripts. It is indeed— as I already have remarked above when 
discussing, the allotment of the different chapters of the Panchasiddluntika 
to the different Siddhtotas — a somewhat difficult task to ascertain, how much 
of the matter contained in the Pafichasiddh&ntiH in its present form has to 
he traced back to the Vasishtha Siddhanta. With confidence we may re- 
cognise its teaching only in the rules given in the Second part of the second 
chapter which are, at the end, designated by Varaha Mihira himself as being 
founded on the Vasishtha Siddhinta, and which moreover are of a quite 
peculiar character, marking them off very decidedly from the doctrines of 
the other Siddhantas. The rule, given in stanza 8 for calculating the 
length of the day at any time of the year, is similar to that of the Paita- 
maha Siddh&nta in so far as assuming an equal daily increase ; but it differs, 
from it regarding- the length of the shortest and longest days. The rules, 
given in stanzas 9—13 for finding the length of the shadow, the mean 
longitude of the sun and the lagna are also of a very primitive nature * 
but yet superior to what a work of the type of the Pait&maha Siddhanta 


We may infer from them that the Vasishtha Siddhanta no longer oper- 
with nakshatras, but subdivided the sphere into signs, degrees and 
is ; and we also notice that it knew about the so-called lagna i. e. the. 
c point which is on the eastern horizon at any given time. But, apart 
his, the methods are so rude, and so completely omit to distinguish be- ' 
mean and true astronomical quantities, that the Vasishtha Siddhanta 
irdly be included; within Scientific Hindu Astronomy. - , ij 


That the rules concerning the motions of the moon contained in the 
former part of the second chapter are of an entirely different character, has 
Been remarked above already (p. XI). In spite of this it is, as said in the 
same place, not altogether impossible that they should base on the teaching 
of the Vasishtha Siddhanta, which may have borrowed various rules and 
methods from different sources. The point must be left unsettled for the pre- 
sent.— The Vasishtha Siddhanta is not referred to in any other part of the 
Panchasiddhantika, with the exception of a colophon in the last chapter, 
about which something will be said later on. 

There yet remains the question as to the relation of the Vasishtha 
SiddMnta, known to Varaha Mihira, to that Siddhanta of the same name about 
which we know from later commentators, chiefly those repeatedly referred to 
in the course of this introduction. From them Colebrooke. already has im- 
parted some information about a Vasishtha Siddhanta which he ascribes to 
Vishnu Chandra, on the authority of the last line of the passage quoted above 
(p. XXVI) from Brahmagupta. The right interpretation of that line clearly 
depends on the way in which the preceding lines concerning Siishena’s treatise 
are explained. Following the version of them given by me above we have to 
translate “and by Vishnu Chandra, taking the same (astronomical elements) 
the Vasishtha (Siddhanta) (was disfigured)” i. e. Vishnu Chandra, by borrow- 
ing various items of doctrine from different sources, gave to the original 
Vasishtha Siddhanta the same variegated, incongruous appearance which 
S'rxshen.a, acting in an analogous manner, had imparted to the original Romaka 
Siddhanta. To the existence of a Vasishtha Siddhanta, older than the recast 
by Vishnu Chandra, there moreover testifies the seventh line of the passage 
from Brahmagupta, which apparently says that Srishena borrowed the (num- 
bers of the) elapsed years and (planetary) revolutions of the' yuga from a 
Vdsishtha (Siddhanta) ; and the second half of that line further seems to 
intimate that that Vasishtha was composed by, or at any rate somehow con- 
nected with, Vijayanandin. An astronomical writer of that name is mention- 
ed by Brahmagupta in another place also, and— which is of some importance 
as more definitely indicating his time — also by Varftha Mihira himself who, in 
the last chapter of the Panchasi ddhanti kd (XVIII. 62 ), refers to Vijayanandin 
as having given rules for the calculation of the places of the planets. 

'Neither Vijayanandin’s nor Vishnu Chandra’s treatises appear to have 
come down to our time. The (Laghu) Vasishtha Siddhanta which we possess* 
does not evince any relationship either to that Vasishtha Siddbinta which was 
known to Varaha Mihira, or to the work of Vishnu Chandra, with some details 
of which we are rendered acquainted by Brahmagupta and later commentators. 

* Poblisbed by P. Vindbyesvari Prasada Dube, Benares 1881. 





Having thus taken a survey of the chief doctrines of the five feiddhantas 
as exhibited in chapters I— XVII of the PanchasiddhantiM, and before exam- 
ining in detail the contents of the last chapter, a few remarks may be added about 
what Var&ha Mihira states in XV. 33— 38 about the longitudes and latitudes 
of certain stars. What authority he, follows therein, we are unable to say. 

The statement referred to gi ves the longitudes and latitudes of a small 
number of junction-stars of nakshatras. How the longitude and latitude are 
measured, the text does not define; we can only presume that the Siddhanta 
which Var4ha Mihira here extracts followed the usual Indian method viz. of 
referring the stars outside the ecliptic to the latter circle, not by latitude- 
circles, but by declination-circles, so that the quantities stated are what Whit- 
ney, in 'his translation of the Surya Siddhanta, calls polar longitudes (dhruva) 
and polar latitudes (vikshepa). The degrees of (polar) longitude are, as in the 
Shrya SiddMnta, taken from the beginning of the nakshatra ( = twenty- 
seventh part of the ecliptic) to which the junction star belongs. The latitudes 
are, in a peculiar manner, expressed not in degrees, but hastas, which we are 
enabled to turn into degrees by remembering that one hasta comprises thirty- 
four angufis, and that the diameter of the moon— here assumed equal to 34 
minutes— is divided into fifteen angulis. We give the results, in a tabular 
form, adding at the same time, in order to facilitate comparison, the corres- 
ponding statements made in the Surya Siddh&nta (Whitney p. 321.) 

Acc. to Pahchasiddhantika. Acc. to Surya SiddMnta. 

Name. . Position of p 0 ] ar * p 0 lar Position of j p 0 i ar Polar 

star in its Longitude. Latitude, star in its Longitude. Latitude, 
nakshatra. j nakshatra. 
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Why Varaha Mihira should have confined himself to stating the longi- 
tudes and latitudes of seven junction stars only, remains unaccounted for. 
Possibly the Manuscripts are defective just at that place. The details given 
concerning those seven stars (supposing our interpretation of the 'text to ha 
correct) diverge so widely from the corresponding statements of the Surya 
Siddhanta that, considering the incompleteness of the material, a critical 
comparison of the two appears hardly feasible at present. — About the rule 
concerning the heliacal rising of Canopus (XIV. 39 — 41) a few remarks 
will be made further on. 

I now proceed to the examination of the last chapter of the Paneha- 
siddh&ntika, which is one of the most' interesting but at the same time most 
perplexing of the whole work. The text itself apparently does not state to 
what SiddMnta the rules about the planets, constituting the matter of the 
chapter, have to he traced. To some indications given in the colophons 
I will refer later on. 

A survey of the contents of the chapter shows that it consists of two 
different sets of rules, of which the former extends from stanzas 1 — 60, while 
the latter, preceded by some personal remarks on the part of Varaha Mihira, 
comprises stanzas 66 up to the end, I begin by analysing, as far as feasible, 
the former set of rules.* • 

The plan generally followed in this part of the work is to state at first 
for each planet a rule enabling us to calculate how many (heliacal) risings of 
it have taken place within a given ahargana, or— in other words— how many 
synodical revolutions it has performed. To that end we are directed to 
divide the ahargana by the duration of the different synodical revolutions. 
In Venus’ ease the rule prescribes (stanzas 1 and 2) to divide the ahargana by 
584, and to add to the remaining days the eleventh part of the quotient of 
the division ; i. e, in other words, the length of Venus’ synodical revolution 
is estimated .at 584 — I days. In the same way it follows from stanzas 6 and 
7 that one synodical revolution of Jupiter is estimated at 399 - I days ; from 
stanzas 14 and 15 that one revolution of Saturn amounts to 378 days; from 
stanzas 21 and 22, that one revolution of Mars is estimated at 780 days minus 
161 yinadik&s ( = , about, ~ tb of a clay) ; and from stanzas 36 and 37, that one . 
synodical revolution of Mercury is supposed to amount to 115 clays plus 52 
n&dik&s plus 45 vin&dik&s (for the rules given there imply that 8 synodical 
revolutions occupy 927 days plus 2 njjdikis). 

* It will he observed that the English translation of that 
a literal rendering of the Stanzas. The following, systematic, dis 
chapter is meant to supply the place of explanatory notes to the tn 
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In the second place the rules teach us, how to calculate the amount of 
sidereal motion performed by the planets within the given number of synodi- 
cal revolutions. — Stanza 1 says that during one period of rising, i. e. during 
one synodical revolution Venus passes through 7 s 5° 30',. and this is indeed 
the approximate motion of Venus within 584 — 1 days, if we suppose its 
mean’ motion to be the same as that of the sun, and reject the entire revolution 
performed. 

In Jupiter’s ease we are directed (stanza 7) to multiply the number 
of synodical revolutions contained within a given ahargana by 36, and to 
divide by 391: ; which shows that 391 synodical revolutions are supposed 
to be about equal to 36 sidereal revolutions. This is indeed nearly the case ; 
for if, basing on the duration of a synodical revolution of 399 days (not 
399 — ~ days) and on the assumption of 364220 sidereal revolutions of Jupiter 
being performed within a m.ahayuga of 15,7791780,0 days, we calculate the 
sidereal revolutions performed during the lapse of 391 synodieal revolutions, we 
find 36 revolutions plus about four degrees. And for these four degrees also an 
allowance is made, viz. in stanza 10, where we are told to multiply the num- 
ber of risings by five, to divide by eight, and to take the result as minutes ; for 


i s nearly equal to 5 ~ x _ r pV 
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The rules for calculating the sidereal motions of ' the other planets are 
of a similar nature. Assuming the sidereal revolutions of Saturn within 
one mah^yuga to amount to 146568, the quantity of sidereal motion .within 
a period comprising 25,6 synodical revolutions of 378 days each is equal to. 
nine revolutions minus four degrees + eight minutes. We are hence directed 
(st. 15) to multiply the risings of Saturn by 9, and to divide by 256 ; ’and 
(st. 17) to multiply the risings by 3, to divide by 32, and to look on the result 


as minutes, to be deducted ; for. 4° + 8' = 248', and | 


For Mars we have the assumption (st. 22) that fifteen synodical 
; ; : revolutions comprise eighteen sidereal revolutions; hence we multiply the 


l 'U-\ number of the risings by eighteen and divide by fifteen. The quotient 
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which 


|| indicates the entire revolutions is rejected; the remainder, multiplied by 12 

. j.;! and divided by 15, gives the mean place of Mars in signs and so on. In 

' Mercury’s case, finally, 389 synodical revolutions are supposed to be equal to 
123 sidereal revolutions ; hence st. 37 directs us to multiply the given number 
• ''vf synodical revolutions by 123 , and: to divide by 339., 

Bo i&r'iise rate contained in the last ’etswsler, can 1 
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tfee full number of synodical revolutions of a planet which nave taken 
place within a given aharga^a, and secondly the full number of sidereal re- 
volutions within the same period ; and, for the purpose of ascertaining the 
amount of synodical as well as sidereal motion which the planet has accom- 
plished in addition to complete revolutions, we have at our disposal the 
remainder of the two divisions whose quotients indicate the number of the 
full revolutions. Now, from these remainders — which represent in both 
eases a certain number of days — the mean motion and the mean position 
of the planet at a given time can be calculated without difficulty ; but what 
is required, and what the rules of the text apparently mean to supply, are 
directions enabling us to determine, roughly at least, the true place of the 
planet at the end of the given ahargana. We are, however, unable to point 
out the general principles on which the rules are constructed. 

I begin with Saturn in whose case the rules appear to be simpler than 
in that of the other planets (setting aside Venus about which later on). 
Stanza 15 directs us to multiply the number of the synodical revolutions by 9, 
and to divide by 258, the quotient of the division indicating, as explained 
above, the number of completed sidereal revolutions. The remainder, the 
text goes on to say, is the ‘pada.’ The remainder — which alone is required 
for the calculation of the true place of a planet— is thus denoted by the same 
term which, as we have seen above, was employed in the Paulisa (or Vasishtha) 
SiddMnta to denote the remainder of days from which the true place of the 
moon is ascertained. The text then goes on to distinguish three different 
amounts of the pada, viz. 30, 127 and 99 ; and it will be observed that the 
sum of the three fractions g~> ~ amounts to J| 1 e. one entire revolution. 
There are further mentioned certain additive, or subtractive, quantities, which 
have to be applied in case of the padas reaching the mentioned amounts, and 
it certainly appears probable that those quantities are, in some way or other, 
connected with the equation of the centre, which has to be added or sub- 
tracted in order to render the planet’s place true. But we are quite unable 
to demonstrate, by a satisfactory explanation of the three amounts, the truth 
of this hypothesis. The text finally (in 18, "and 19) states certain amounts 
of motion which Saturn performs within the three khandas, i. e., apparently, 
the three fractions of a revolution g|) whi< * were mentioned above. 

But here again we meet with a difficulty ; for while the text states for the 
two first kliandas the following amounts : I s 15° 51' and 5 s 28° 35', a calc-ala* 
tion of the mean .motion proceeding on the data of the text gives I s 12 it' 
f or 3 A Ul of a revolution, and 5* 27° U' for |g- h of a revolution. It is indeed 
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and sig'hra, we may assume that we have to do with something like the 
eight kinds of motion enumerated in Sitrya Siddhanta II. 12, among which 
we meet with vakra, anuvakra and sighra. But most of -the details we must 
leave unexplained, owing partly to the corruption of the text, and partly to 
the obscurity of the subject. Stanzas 25 (conclusion) and 2G state the 
periods intervening between the time of the heliacal setting of Mars and its 
conjunction (when it becomes niramsa), and between the conjunction, and its 
heliacal rising. The meaning of stanzas 27 and 28 is obscure. Stanzas 29 — 
32 treat of the motion of Mars in three of its gatis (op. the £ traye’ in 32), of 
which the c vakra’ i. e. no doubt the retrograde motion is the first ; the nature 
of the two other motions we are unable to explain, the text exhibiting only 
the vague term, ‘anugati’ (in 29). In st. S3 we meet indeed with the terms 
vakra, ativakra and anuvakra, and we hence suppose that those three motions 
are referred to in 29 — 32 also ; but, considering the various senses in which 
the terms ativakra and anuvakra are used by different authorities, we do not 
attempt to assign the meaning they bear in our text. 

For Mercury the text, after having given the "general rules for syno- 
dical and sidereal motion, at once states the amount of supposed true motion 
for eight periods of days whose total aggregate amounts to 380 days, the 
amount of true motion being 360 degrees. From this latter circumstance it 
appears that what is aimed at is a statement of the different phases of true 
motion during one mean revolution of the planet (which, of course, is viewed 
as equal to one mean revolution of the sun). Why, however, the cor- 
responding period of days is said to amount to 380 days (rather than to 365), 
we are not able to explain, although so much may be suggested that the dis- 
crepancy is most probably due to a mixing up of sidereal with synodical motion. 
The text then goes on to give a general rule (obscure to us) about the adjust- 
ment of mean and true motion (stanza 41), and thereupon gives a detailed ac- 
count (42 — 53) of the difference of Mercury’s motions according to the sign of 
the ecliptic in which the planet stands at the time. We are unable to account 
for those rules by calculation. 

There now only remains to be noticed, in the first set of planetary rules, 
what is said about the true motions of Venus in stanzas 3 — 5, The treatment 
of this latter planet differs from that of all other planets inasmuch as it ap- 
pears not to take into account the influence of the equation of the apsis, but 
limits itself to a rough representation -of the true motions in so far as depen- 
ding on the equation of the conjunction. The difference is quite intelligible, 
if we remember that the eccentricity of Venus’ orbit is very 'much 
than that of any other planet The text specifies the true .mo- 


xxvv/x/ W VXi 


tions for eleven minor periods of days, the sum of which amounts to six 
hundred and ten. Out of these, 584 constitute one synodical revolution of 
Venus, while the last 26 days must be viewed as the period within which 
Venus, after having performed one synodical revolution and having again 
entered into conjunction with the Sun, advances so much as again to become 
visible in the west. 


Obscure and unsatisfactory as are many details of this first set of 
planetary rules, we yet recognise with sufficient clearness that the elements 
;'! on which they are based do not greatly differ from those generally employed 
in Hindfi astronomy. The periods of sidereal and synodical revolution 
diverge very little from the ordinary ones, and the calculation of the true 
' places appears to presuppose the recognition of the two separate planetary 
inequalities (excepting the ease of Venus as noticed above). But we begin 
to feel on strangely new and unsafe ground when now turning to the seeond 
set of rules for the calculation of the planetary motions, which are contained 
in stanzas 66 — 81 of the last chapter. 
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The position and appearance of these rules are anomalous from several 
points of view. On the rules explained above which come to a conclusion in 
stanza 60, there follow a few stanzas which look very much as if they were 
meant as concluding stanzas of the whole work, the author mentioning in 
them his name, and drawing a parallel between his own performance and the 
less successful efforts of other astronomers. But these, prim! facie final, 
stanzas axe followed in their turn by a further stanza (65) which seems to be 
meant by Varlha Mihira as an introduction to another set of concise planet- 
ary rules (grahakirik4 tantram) ; for although the rules extending from stanza 
66 to the end of the book are comprised in 16 stanzas (or in seventeen, if we 
add to them stanza 65), it yet seems most probable that the ‘eighteen aryas’ 
mentioned in stanza ,65 refer to this concluding portion, with which possibly 
one of the stanzas preceding 65 may have to be counted, or which originally 


may have contained one stanza more than our manuscripts exhibit 


The matter contained in this concluding portion is of a comparatively 
•simple nature. The rules at first teach how to calculate for each planet the 
number of -synodical revolutions which have taken place within a given J 
-’- - 'gana, and then state the chief phases of motion within each synodical 
’ ’ ‘ or half revolution as in Venus’ case. No rules are given for cal- 
true motions. 
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Mars ..... 768f days- + : 

Mercury .... 1'14—j- „ 

Jupiter .... 393^- 

Venus .... 575| 

Saturn. .... 372| „ 

These amounts agree neither with those assigned to the synodical 
motions in modern Hindu astronomy generally,* nor, therefore, with the 
true periods from which the periods implied in the teaching of the Siddh&ntas 
differ- to. a very inconsiderable extent only. To meet in Hindh astro- 
nomy with a set of numerical quantities widely dilfering from those generally 
accepted is indeed so startling, that one at first feels strongly inclined to 
doubt of the soundness of the text, especially if one remembers the generally 
unsatisfactory state of the two available Manuscripts of the Paficha- 
siddMntM ; but it so happens that just in the concluding portion the text 
appears to be fairly correct,. does at any rate not immediately call for incisive- 
emendations. Moreover each figure is given twice over, and that in two 
different forms, the text stating at first the length of the synodical revolu- 
tion in a fractional form, (as f. i. = 393*- in, Jupiter’s case), and afterwards 
giving the details, of motion for a certain number of. subdivisions of the- 
synodical period; and we find that the results arrived at by summing up the 
days comprised, within those subdivisions agree almost throughout very closely 
with the former, statements (in Jupiter’s case f.,i. we have 16 + 54 + 70 + 109 
+ 88 + 40 + 16 = 393). We therefore can, for the present, hardly help accept- 
ing, the rules as they stand, in spite of: their, startling uniqueness.. 

It remains to consider from which Siddhantas V araha Mihira may have 
borrowed the matter of the entire last chapter. The text itself appears to 
contain, no indication on that point ; there are however two colophons which 
furnish- some — possibly accurate — information. After stanza 5 the Manu- 
scripts read, V&sisbfcha-siddh&'jite 6ukrah,. and at the end of the chapter,. 
Paulisasiddh&nie- t&ragrahah, I'f we accept the former- statement as true,, 
it would follow that the Vasishtha-siddbinta possessed- an accurate knowledge 
of the length, of the planetary revolutions ; for although the statement 
directly refers to Venus only,. it. is— for reasons not requiring to be set forth 
at length — altogether improbable that the Vasishtha Siddhdnta, or in fact any. 
Siddh&nta,. should have been, well informed about the theory, of one planet 
only. It is . moreover, by no means impossible that, what the colophon directly.; 
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i * The Siddh&utas do not indeed state the duration of the synodical revolutions of the 

planets directly, but it, is of course easy to derive them from, their sidereal revolutions, oombined; 
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states about Venus only, should hold good with reference to the other planetary 
rules also which extend up to stanza 60. There is indeed, as shown above, 
that difference between the rules concerning Venus and those relative to the 
other planets, tliat, while the former do not take any account of the equation 
of the centre, the latter manifestly do so, although in a manner whose details 
have remained obscure to us. But as already remarked, that difference may 
simply be due to the circumstance that the equation of the centre of Venus, 
being very much smaller than that of the other planets, was disregarded on 
purpose. On the other hand, the circumstance of a special colophon being 
introduced after stanza 5, combined with the fact that the rules from stanzas 
6 — 60 after all do differ from those concerning Venus, might be viewed as 
favouring the assumption of the two sets of rules being based on different 
authorities. We however must notice that the rules relative to Jupiter 
Saturn etc. employ the same term, vis. pada, to denote an important remainder, 
which had been used in the same sense in an earlier part of the work (chap- 
ters II. and III). I had to leave it an open question the doctrines of which 
Siddhantas are reproduced in the earlier part of Chapter II., it however 
appearing not improbable that the Vasishtha SiddMnta is the authority 
relied on. 4md thus the fact of * pada ? being met with in the earlier part of 
the last chapter also appears to strengthen the conclusion that that whole 
part (stanzas 1 — 60) epitomizes the doctrines of the Vasishtha, Otherwise 
we might perhaps think of the Paulina which, as I have above shown some 
reason to believe, seems to have agreed with the V&sishtha in the rules for 
calculating the phases of the moon. But this latter assumption would 
.conflict with the statement made in the colophon at the end of the chap- 
ter, which, appears to designate the rules contained in stanzas 66 to 81 as 
based on th© teaching of the Paulisa Siddhanta. I therefore see myself unable ' 
to propose any definitfe views as to the sources of chapter XVIII, The last 
set of rules especially is perplexing, and, were it not for the direct assertion 
made in thp colophon, nobody I suppose would be inclined to trace the deter- 
minations of peri.ods given in it to a Siddhanta yjhjch seems to have been 
specially dependent on Greek teaching, V; 

A fe\y additional general remarks on the character and the pre- 
sumable time of the works epitomized by Var&ha 2£ihira may here be added.— 
together the five Siddhantas appear to enable us, to form a fairly 
n of the transition of old Indian astronomy into its .. modern 
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The Pa,it4maha Siddhanta, in the first place, is , the repre- 
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astronomical books of the Jainas, and a number of quotations from various old r 

authors as f, i. Parasara. During that period nothing of importance seems | 

to have been elaborated but the doctrine of the quinquennial lunisolar yuga. I 

The authors of all the works mentioned share the same essential characteristics, [ 

in so far as displaying a very imperfect knowledge of the mean motions of the ; 

sun and moon (and, some of them, of the planets also), and connected therewith, f- 

of the length of the years and months ; being altogether unacquainted with 
true motion as distinguished from mean motion ; teaching an equal daily j: 

increase or decrease of the length of the day ; dividing the sphere into | 

twenty -seven or twenty-eight nakshatras ; entertaining utterly fantastic 
notions about the constitution of the earth and the universe ; and evincing 
a very marked tendency to work out in minute detail large sets of numerical 
rules founded on altogether insufficient premisses. They all moreover, with 
the exception of the Jaina books, agree in fixing the winter-solstice at the 
beginning of the nakshatra DhanishtM. That from this latter circumstance 
no conclusion can be drawn as to the time when the different works mentioning 
it were composed, is at present admitted pretty generally. For it is neither 
possible to derive from the given data, with any degree of accuracy, the time 
when the original observation was made ; nor, even if that could be done, 
would the result prove anything regarding the period when the works in 
question were composed, since it is quite clear that the place of the solstices 
having once been ascertained was adhered to and stated in works composed 
many centuries after it had ceased to be true. That in Varaha Mihira’s 
account of the teaching of the Paitamaha SiddMnta the calculation of the 
quinquennial yuga is made to start from 2 S'&ka, has been mentioned above. 

There are two chief points in which those early works have influenced 
later scientific astronomy. The latter derived from them firstly the idea of | 
a yuga i. e. a cyclical period, at the end of which the heavenly bodies return. i 

to the same relative positions which they occupied at the outset. And in > 

the second place, the writings of the earlier period already show, fully ; 
developed, the peculiar Indian lunar calendar which treats the tithi i. e. 
the thirtieth part of a synodical month as the true ehronomeirical unit, j 
so that in all calculations of the length of elapsed periods, and of the 
position of heavenly bodies, the sum of natural days can be ascertained only :■ 
through, a previous knowledge of the number of elapsed lunar days. I 

Concerning the position of the Vasishtha SiddMnta known to VariUia j 
Mihira it has been said above that, while apparently more advanced than the j 

Pait&maha Siddhanta, it yet seems to have been decidedly inferior to the ; 

scientific Siddhantas. We therefore shall most probably not be mistaken in j 

• . .. J 



■ INTRODUCTION. 

I* ' 

assigning it to the period marking the transition from the 
indigenous systems to those works which were constructed altof 
basis of Greek science. 

The three remaining SiddMntas fall under one category, 
however much they differ in details, representing i 
astronomy which is completely 
general features of that phase < 
place. If we enquire into the 

SiddMntas, we may, I think, discern certain features m 

and Paulisa Siddhantas agree, 

SiWa. SiddMnta. In the latter work 


, all of them, 
the modern phase of Hindft 
• under the influence of Greek teaching.. The 
are too well known to require restating in this 
individual characteristics of each of the three 
- " ' L which the Romaka 

while at the same time differing from the 
only modern Hindu astronomy has 

MW assumed that type, which it has since preserved, and with which European 
scholars have since a long time been familiar, chiefly . rom ae t mo 
Staya SiddMnta itself, and from the SiddMnta Sironmni. In the first place 
the Surya SiddMnta only fully adopts the traditional Kalpa and Yuga system, 
to which it adapts the length of the revolutions of sun and moon and the 
planets, so as to obtain integral numbers of them all during the kalpa 
La The Romaka SiddMnta, on the other hand (which, as we have seen 
above, is specially blamed by Brahmagupta for not accepting the tradn 
tional teaching as to the great periods of time) does indeed form a yu a a, 
but one of its own invention viz. by multiplying the Metomc period of nine- 
teen years by 150, so as to obtain the smallest possible aggregate of years 
which contains integral numbers of lunar months and cm! days^ The 
original Paulisa SiddMnta again seems not. to have established a general y 
of any kind, but to have proceeded in each individual ease wrth to °' 
speeWly constructed short periods of time.-In the second place the Sury 
Siddhtota, as is noticed by Vartta Mihira himself, represents ttrou|houVa 
more advanced, or at any rate more highly elaborated, system ton to two 
other Siddhtatas. This appears/ as already remmied, n» treatment 
of the equation of the centre, where to SArya S.ddhan^. only « . 

general rule • and specially in the theory of solar and lunar eclipses, where the 
comparatively full and careful rules of the S. S. stand in marked contrast to 
IL meagre rules of the Romaka, and yet more so to the roughly approxima- 
tive formulas of the Paulisa.— In one point the Sftrya SiddMnta and Paulisa 
' understood by us rightly) seem to have agreed, while differing 

■ n,aka. The latter SiddMnta employs tropical revolutions of the 
on, while the Surya SiddMnta certainly, and the Paulisa pro- 
d Of sidereal revolutions only. The Romaka SiddMnta is in 
^tfonoioioal works, which is based' on, the 





was aware of the circumstance which accounts for the difference of the dura- 
tions assigned to the solar year, and to the revolution of the moon, by his 
different SiddMntas. That the summer solstice formerly was at the middle of 
Aslesha, but in his time at the beginning of Punarvasu, appear to be . viewed 
by him as two distinct facts, each to be taken by itself. He certainly does 
not render it clear anywhere, that the change in the solstice s place is due to 
the gradually accumulating effect of a process which had been going on, and 
still is going on, constantly, and that that process accounts for the different 
lengths ascribed to the revolutions of the celestial bodies. 

That the similarities observed between the Greek and Hindi! systems 
are due to a transfer of the elements of the former to India, will at present 
be hardly called into doubt; and it certainly appears highly probable that 
the Paulisit and Romaka SiddMntas were the earliest Sanskrit works m 
which the new knowledge imported from the West was embodied. That 
these two works were in some special way dependent on Greek astronomy, 
has since a long time been inferred from their names ; and that conclusion 
is now confirmed by what we learn from Vartiha Mihira about their contents. 
It certainly is no fortuitous coincidence that one of those two SiddMntas 
whose names point to the west, used the tropical solar year, and calculated its 
ahargana for the meridian of Yavanapura, and that the other expressly stated 
the difference in longitude of Yavanapura and Ujjayinh And that they 
were the first representatives of Greek astronomy in India, is at any rate 
highly probable, as we have no information about older astronomical works 
of hellenizing tendencies. While, thus, the geueral question as to the 
sources of scientific Hindi! astronomy admits of one answer only, doubts 
begin to suggest themselves as soon as we proceed to ask, from what parti- 
cular Greek works the early SiddMnta writers may have borrowed, and to 
what time the first transmittenee of astronomical knowledge has to be 
assigned. Professor Whitney to whom we are indebted for the most 
thorough discussion of these matters (translation of the Siuya SiddMnta pp. 
470 ff.) has expressed the opinion that the absence, from the Hindu system, 
of any of the improvements introduced into Greek astronomy by Ptolemy 
seems to favour the conclusion that the original transmission of astronomical 
knowledge into India took place before Ptolemy ; which at the same 
time would account for the many differences in detail between the Hindu 
system and the teaching of the Syntaxis.— Now with this view we certainly 
jnay agree so far as to consider it altogether improbable that the Hindi! system 
should have based directly on Ptolemy’s work. Regarding certain innovations, 
indeed, by which Ptolemy improved on the astronomical theories of his Greek 
predecessors (such as f i the introduction of the erection into the lunar 



theory) it might be supposed that the Hindi! astronomers, even if borrowing 
directly from the Syntaxis, excluded them from their own, strictly practical, 
works as needless, and hence cumbersome, refinements ; but if assuming the 
Hindhs to have been acquainted with Ptolemy’s work, how shall we explain 
the numerous discrepancies in essential items of doctrine, such as f. i,, to 
mention only one out of a vast number of eases, the different dimensions 
assigned to the epicycles of the planets by the Hindhs and Ptolemy 
respectively ? But nevertheless it would be hazarded to conclude therefrom 
that the beginnings of scientific Hindi! astronomy go back to a time earlier 
than that of Ptolemy. The whole question indeed is rendered incapable 
of decisive treatment by the fact that our knowledge of Greek astronomy 
anterior to Ptolemy is so very imperfect ; a few points however which bear 
upon it may be briefly referred to. 

As well known, the theories of the sun and moon were settled in all 
important points by Hipparchus already and merely borrowed from him by 
Ptolemy. It would therefore not be impossible that any scientific Hindi! 
work, confining itself to an exposition of the motions of those two heavenly 
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those two heavenly bodies suffices for the construction of a calendar, and, 
secondly, that also the purely astronomical works of an earlier period — such 
as the Jyotisha Vedanga, the Pait&maha SiddMnta known to Varaha Mihira, 
and the Surya Prajnapti— do not treat of the motions of the planets. But 
none of these considerations compel us to date the Romaka SiddMnta earlier 
than Ptolemy, while on the other hand the very name of the treatise seems 
to point to a time when the fame of Rome had become so great that even in 
the distant east her name naturally attached itself to new views and doctrines 
entering India from any western country i. e. to a time hardly earlier than the 
century of Ptolemy. 

The Vasishtha and Paulina Siddhantas treated of the planets also, as 
we learn from the last chapter of the PanchasiddhantiM. The earlier set of 
rules given there apparently distinguishes the two planetary inequalities ; 
but as we understand the text only very partially, I cannot undertake to discuss 
the connexion of those rules with Greek science. Of the rules given in the 
last part of that chapter it might perhaps be conjectured that they represent 
a stage of the theory of the planets more primitive than that of Ptolemy ; 
for what is stated there about the true motions of the planets, apparently 
takes into account only the more conspicuous anomaly which depends on the 
planet’s position with reference to the sun, while the anomaly dependent on 
the planet’s distance from the apsis is neglected. That the mean motions 
attributed to the planets in that chapter differ in an altogether unaccountable 
way from the true ones (and hence also from those determined with such 
extraordinary accuracy by Hipparchus, and adopted from him by Ptolemy), 

I have remarked above already. But these facts do not, after all, supply 
valid reasons for supposing any knowledge of astronomical matters to have 
reached India from Alexandria before the time of Ptolemy. That certain 
details in the Indian system appear more primitive than Ptolemy’s teaching, 
may simply be due to the fact that the Indian astronomers, with their strictly 
practical tendency, did not aim at any great accuracy, and neglected what 
in their view, would not affect the result of their calculation to an appreciable 
degree. And there is yet another, and in my view, very important considera- 
tion which may account for the divergencies from Ptolemy on the part of 
Indian works, of a date later than his ; a consideration which Biot already 
has repeatedly suggested. It is by no means impossible tnat the astronomical 
knowledge which the Hindfis have worked up in their SiddMntas was not 
derived from any of the great scientific works of the Alexandrian astronomers, 
but rather from an altogether different class of books viz. the manuals used, 
by Greek astrologers (as Biot suggests) and, as we many not improbably add, 
ac makers. The astronomical views of men belonging to those classes 
, ; ' ■ ■■ ■ - 
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may reasonably be presumed to have been rather imperfect, and to have 
diverged in more than one point from the theories of the great scientific 
astronomers ; they might have borrowed from the latter whatever appeared 
indispensable, neglected what seemed likely to cause greater trouble in 
calculation than would be justified by the results, and, at the same time, pre- 
served elements of older, long antiquated, doctrines. The rules given in their 
manuals mig ht not improbably have resembled in their form the rules met 
with in the early Indian SiddMntas, especially the Paulisa SiddMnta, which 
apparently did not even hint at the theory of the subject, but only aimed at 
enabling the practical astronomer or astrologer to perform with the greatest 
possible ease and rapidity the calculations absolutely necessitated by his 
profession. The assumption of the earliest scientific (or quasi-scientifio) 
Hindu astronomers being acquainted, not with the writings of men like 
Hipparchus or Ptolemy or Theoh, but only with works of the class mentioned 
above, would I believe help to render the whole process of transmission more 
intelligible. Whatever distinguished the teaching of the practical calculators 
of Alexandria from that of the scientific men, would in that case have 
perpetuated itself in the Indian treatises, and would thus from the outset 
have differentiated the latter from works of the class of the Syntaxis. The 
fact of there having been transmitted, not a complete astronomical system, but. 
only practical rules joined perhaps with vague indications of general principles 
would moreover, I think, account satisfactorily for the many differences in 
point of theory which distinguish the completed Indian system from its Greek 
prototype. That a work of the class of the Stlrya SiddMnta should spring 
directly from a work such as the Syntaxis, would be almost incomprehensible, 
even if we made the very largest allowances for the tendency, on the part 
of the Hindu adaptator, to harmonise the new foreign doctrine with indigenous 
tradition and modes of computation, and to simplify his original to as large an 
extent as possible. But if we, on the other hand, suppose that only a very 
imperfect knowledge of Greek astronomy was transmitted to India, and that 
Hindd Jyautishas endeavoured to erect on that basis a complete system of 
their own, we can understand .bow there came into existence works of the 
type of the Surya SiddMnta, which, although evincing a fundamental depen- 
dence on Greek astronomy, yet show unmistakeahle traces of originality in 
numerous details, remaining indeed in by far the greater number of cases 
inferior to their original, yet hitting here and there on new devices and 

wit and ingenuity* 

cage have to be characterized, not either as a mere loan from the 
a mere adaptation in the ordinary sense of the word, but rather 







of elements of astronomical knowledge, transmitted in a rude and detached 
condition from the west. And the merit of originality as far as it goes, woujd 
most probably belong to the, unknown, author of the old S&rya Siddhanta. 

We next must enquire whether the older Siddhantas themselves 
furnish any indications of the time when they were composed,, and so 
indirectly of the time when Greek astronomy was introduced into India. 
The evidence on that point which is supplied by the Pafichasiddhantik& itself 
as understood by me is as follows. Varaha Mihira I suppose to have written 
his treatise about the middle of the sixth century (see above p. xxx), and to 
have taken for his epoch the year 505 A. D. which I understand to indicate 
the time of the astronomical writer Lata, who himself is said by Var&ha Mihira 
to have commented on the Romaka SiddMnta. The latter treatise therefore 
must have been composed at some time anteceding — and possibly considerably 
earlier than — 505 A. D. That the Romaka Siddh&nta — and in fact the 
other four Siddh&ntas also — are a good deal earlier than Varaha Mihira, 
is confirmed by the general attitude of that writer with regard to the works 
on which his treatise is based. Varaha Mihira clearly distinguishes, on the 
one hand, individual and manifestly modern writers, to particular views of 
whom he refers in a few places, without however crediting them with complete 
independent systems which it would be necessary to abstract ; and, on the 
other hand, treatises of generally recognised authority, not to be neglected 
by any writer who aims at giving a complete survey of the astronomical 
doctrines current at that time in India. Of the class of writers referred to, 
Var&ha Mihira mentions Lata, Aryabhata, the guru of the Yavanas, Simha, 
Vijayanandin and Pradyumna. Of L&ta we have reason to suppose that he 
flourished about 505 ; of Aryabhata we know that he composed his treatise, 
termed Laghv4ryabhatiyam, in 499. Whether the other writers mentioned 
by Varlha Mihira were earlier or later than Aryabhata, there is so far . 
nothing to show. But it is certainly an intrinsically probable view that the 
authoritative treatises, to the exposition of whose doctrines Varaha Mihira 
devotes his work, and which to him appear to exhaust Indian astronomical 
learning, were earlier than the individual writers to detached views of whom 
he alludes incidentally, and whom he manifestly does not in any way consider 
superior to himself. - 

This conclusion is in conflict with a view expressed with more or less 
definiteness by several writers on Hindu astronomy, according to which 
Aryabhata is the oldest of scientific Hindu astronomers ; for three at any 
rate out of the five SiddMntas which we suppose to be earlier than Arya- 
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to prove that Aryabhata was the first to embody in a Sanskrit treatise the ] 
$ew theories transmitted from the west. Had he held that position, he ! 
would of course have been entitled to have his doctrines fully abstracted by j 
a writer like Var&ha Mihira, who constituted it his special task to summarize 
all the more important theories current at his time. But, as remarked above, 
to Var&ha Mihira Aryabhata clearly is only one of those numerous writers, 
who occupied a position not unlike his own, as being engaged in remodelling, 
and possibly here and there improving on, the teaching of the received 
SiddMntas. I cannot, in this place, enter into a full discussion of Arya- 
but even a somewhat superficial examination shows that 
m a particularly close relation to the Sfirya SiddMnta, whose 

in many details, but yet 
This becomes evident, if we compare 


bhata’s doctrines 
they stand 

teaching they indeed modify and attempt to correct 
unmistakeably follow on the whole, 
the Aryabhatiyam on the one hand with the Paulina and Romaka SiddMntas 
as s ummar ized by V araka Mihira, and on the other hand with the Sfirya 
SiddMnta as reported by the same author, or, for the matter of that, with 
the Sfirya SiddMnta in its modern form, although we have had occasion to 
remark that in some points the old treatise agreed with Aryabhata’s 
teaching more closely than its modern recast. Varaha Mihira therefore, in 
only occasionally directing attention to special views held by Aryabhata, did 
all that could be expected from him. 

The presumed priority of works of the nature of the Sfirya SiddMnta 
to treatises of the stamp of the Aryabhatiyam is moreover strongly confirmed 
by a consideration of the general form of the two. The former, even in its 
modern shape, is a diffuse, loosely written, ill arranged treatise ; the latter, on 
the other hand, is a compact, highly finished and systematical compendium 
which, like other works of similar kind, is much more appropriately viewed as 
marking the end of a certain phase of literary development than its beginning. 
In a certain sense indeed Aryabhata may perhaps be said to occupy both 
positions at once. Belonging to a later period than that in which the new- 
astronomical theories had for the .first time been embodied in works such as the 
Paulisa, Romaka and Saura SiddMntas, he yet may at the same time have 
been, among astronomers and mathematicians, the earliest of that group of 
polished writers, who aimed at summarizing and systematizing in treatises, 
distinguished by conciseness and elegance of form and style (and apparently 
most of them composed in the Ary& metre), the contents of the less 
ambitious literary products of the preceding period. He may thus, in the 
special field of astronomy, have been the first representative of that literary 
; , ^development, which Professor Max Muller with so happy a term has called, the 
I : Renaissance of Sanskrit literature, and of which Var&ha Mihira himself was 
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one of the chief ornaments. This at any rate is possible, and, as far as our 
present knowledge goes, not improbable, although we cannot^ positively assert 
that no writers of a similar type had come forward before Aryabhata s time. 
Lftta, whom I consider to have been an author of the same class, appears 
to have been a somewhat younger contemporary of Aryabhata. That the 
other writers quoted by Varalia Mihira and Brahmagupta, all of whom w® 
may assume to have had aims similar to those of Aryabhata, should have 
been younger than the latter astronomer, is barely possible. 

Originality of doctrine can thus hardly be claimed for Aryabhata, 
even if we understand originality in the limited sense of teaching what had not 
before been taught in India. The only, and indeed weighty, exception is the 
doctrine of the revolution of the earth on its axis, if indeed that also had not 
somehow been transmitted from Greece. Aryabhata’s work is the only 
Indian one, khown to us, in which that doctrine is set forth, and Brahmagupta 
ascribes it to him ; but yet it is not quite certain whether it originated with 
Aryabhata, or was an opinion held by others also and merely adopted by him_ 
In chapter XIII. of the PanchasiddhantM. V amlia Mihira, when attempting 
to refute it does not .intimate that it belonged specially to Aryabhata. 

The great fame which Aryabhata no doubt enjoyed we are thus not 
able to account for quite satisfactorily. It may have been due partly to the 
finished conciseness of his performance, a feature always highly esteemed 
by Hindfis ; partly perhaps also to his peculiar system of notation. His 
astronomical work is moreover the oldest among those known to us in 
which there appears a chapter on mathematical science in midst of the astro- 
nomical rules, and the astronomical matter itself is exhibited in two separate 

sections, a gola pftda and a ganita pfida. Not improbbaly he really was the 
first to effect this amalgamation of the results of native mathematical science. 

■ with the astronomical science of foreign extraction, and to render the exposi- 
.■ tion of the astronomical theory clearer and more systematical by a well 

[|| founded subdivision of topics; and that also might account for part of his 

| reputation. 

j|| There is one further point which requires to be touched upon in a 

discussion of the possible age of the Siddh&ntas on wmch "V araha Mihira s 
work bases,, viz. the position of the initial point of the sphere _ from which 
1 all longitudes are reckoned. As is well known, all scientific Hindu astrono- 

jL: mers speak of that point as the first point of Asvini or the last point of 

l -Revati, and this is manifestly also the tacit presumption for all the different 

' rules given in the PanchasiddMntika ; one exception viz. that according to 




-the Paitamaha Siddhanta the first 
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of the sphere, is specially noticed by VarUha Mihira. Now, for fixing the * 
precise whereabouts of the first point of Asvini we have to avail ourselves \ 
of the statements as to the longitudes of certain stars which are made in ; 
various old astronomical treatises, the earliest of them being the Sfirya Sid- f 
dhinta, according to which the so called yogatara of the asterism Revati has 
lb, or almost no, longitude i e., coincides, or nearly coincides, with the first } 
point of Asvini. And as that junction star which has been identified with l 
t, piscium had the same longitude as the vernal equinox in 572 A. IX, the I 
latter year is supposed to mark approximately the beginning of the scientific % 
period of Hindi! astronomy. If, instead of following the majority of writers, | 
we prefer to adhere strictly to the statement made in the Sfirya Siddh&nta, | 
according to which the longitude of the junction star of Revati is not zero | 

but 359° 50', we are led to 560 A. D. instead of 572. f 

■ . . ‘ 1 
This determination of the beginning of the scientific period of Hindfi | 

astronomy has of course always rightly been looked upon as roughly | 
approximative only, since we have no good reasons for believing that the | 
Hindfis of that period were able to perfom so difficult an operation as the | 
determination of the place of the equinox with great accuracy. That the | 
beginnings of scientific astronomy have to be dated back another seventy jj 
years at any rate, already follows from the admitted time of Aryabhata alone. 
That the Siddh&ntas on which Var&ha Mihira drew, among them the old 
Sfirya Siddh&nta, were also older than 572, follows from Yaraha Mihira’s own 
time. Professor Whitney, who has discussed most thoroughly the bearings 
of the statements which the Sfirya Siddhanta makes about the longitudes of 
; the junction stars, points out that if, instead of relying solely on the longitude 
assigned to t Piscium, we compare the longitudes assigned to the junction 
■ stars of all the 27 nakshatras with their actual longitudes in 560 A. IX, 
a certain uniformity of error observable in the statements of the Sfirya 
Siddhanta leads us to suspect that the measurements of position on which 
the list was established were made from an equinox situated about 1° to the ■ 

; east of that of A. I). 560 and hence, at a time preceding the latter date by 
X; ; -yesars.-- 

At any rate the S&rya Siddhanta supplies us with data enabling us to 
decide what point of the fixed sphere is supposed to mark the first point of 
’ gvinl But these data fail us, if we turn to other astronomical works, 
have seen above, the Parichasiddhantika itself, ’where stating the 
>f certain junction stars, says nothing about the junction star of 
from what it says about other junction stars we are unable to 

,3Bpt itfeof course, by no . 
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that Var&ha Mihira, whom we suppose to have written the PanehasiddMntiM 
about the middle of the sixth century, should have agreed with the Stlrya 
SiddMnta in giving no, or almost no longitude, to the star Z piscium. 

But what, we must proceed to ask, did Aryabhata, and his predeces- 
sors, such as the authors of the Romaka and Paulina Siddh&ntas, understand! 
by the first point of Airinl ? The Laghv&ryabhatlyam says nothing aboul 
the longitudes of junction stars, and we are therefore unable to determine 
what point of the sphere coincided, in Aryabhata’s view, with the first point 
of Aivinl. The same remark applies to writers whom we may suppose to 
have anteceded Aryabhata. That the authors of the Romaka and Paulifia 
already treated the first point of As rim as the initial point of the sphere, 
appears to follow from the Panchasiddh&ntiM ; but nothing shows that they 
supposed the small star Z Piscium to be situated just at that point. To me 
it appears most probable that the earliest scientific SiddMntas used the term 

* the first point of ASvini ’ in the same sense as the Greeks used the term 

* the first point of Aries ’ viz. to denote, not a fixed place in the sphere, but 
simply the place of the vernal equinox. Prom the term, the ‘first point of 
Agvini’ so much indeed follows that, when it was first coined, the vernal 
equinox was, according to the observations of the Hindi! astronomers, some- 
where to the west of the asterism As vinl and to the east of the asterism 
Revati ; but about the exact point meant to be indicated by that term we 
know nothing. If indeed the limits of the nakshatras had been accurately 
defined already before the period of the SiddMntas, the term ‘ asviny-adi ’ 


but there is nothing to show that that was the case, and, as pointed out by 
Professor Whitney, it certainly is intrinsically improbable that the small 
star Z piscium should ever have marked any important point in the sphere 
before the time when it actually happened to coincide with the vernal equinox. 
Thus to the author of the Romaka f i. the term ‘the first point of As vinl ’ 
may have meant a spot one or two or three or four or five degrees east of Z 
piscium, any spot indeed lying to the east of the junction star of Revati 
and to the west of the junction star of Aivinl Later on, let us say about the 
middle of the sixth century, it was observed that the place of the equinox 
coincided, or nearly coincided, with the junction star of Revati, and as at that 
time the fixed sidereal system had exclusively established itself in India, 
that star has ever since been held to mark the beginning of the sphere. 
Iht the earliest testimony we have for this its position is the statement 
which the Sfirya Siddh&nta, as known at present, makes about the longitudes 
of the junction stars, and that statement in no way proves that the same view 
. was set forth in other books of a presumably earlier date. ,, , . 



•The preceding remarks merely aim at snowing umu » uu evi- 

dence for the earliest Siddhantas haying identified the place of the vernal ; 
equinox with that of ? Piscium, and that we hence are not compelled to look 
for the beginnings of scientific Hindu astronomy in a period not earlier than * 
the fifth century. I do not on that account wish to assign the old Siddh&ntas ■ 
to a very much earlier time. All I am interested in is to show thepossibility j 
of there having intervened between the early Siddhantas and Varaha Mihira ; 
a period of sufficient length to account for the authoritative position which 
the former manifestly occupy in the view of the author expounding their 
doctrines. Every requirement may I think be looked upon as satisfied if we 
suppose the Eomaka and Pauiisa SiddMntas* to have been composed not 


The present edition of the PanchasicLcmantiKa is iounueu ou wo j. 
Manuscripts, belonging to the Bombay Government. The text of the better | 
one of those two Manuscripts is reproduced in the left hand columns of our t 
edition, while the foot notes give all the more important different readings t 
from the other Manuscript. A comparison of the traditional text with the | 
emended one, as given in the right hand columns of the edition, will show that 
the former had, in many cases, to be treated with great liberty. Not , 
unfrequently the emended text is merely meant as an equivalent in sense of 
what we suppose Varaha Mihira to have aimed at expressing, while we attach 
no importance to the words actually employed in the emendation. The many 
quotations from the Pahehasiddhantika, which are to be met with in Bhattot- 
pala’s commentary on Varaha Mihira’ s Brihatsamhita, and which as a rule 
exhibit the text in a more correct form than the Manuscripts of the Pancha- 
siddMntiM, have been of great help to us. In a complete ‘ apparatus criticus’ 
of the PanehasiddMntikfi Bhattotpala’s- readings would of course have to be 
exhibited in full; but as Bhattotpala’s text itself has come down to us in a 
very questionable condition only, we have, for the present, refrained from 
doing more than tacitly availing ourselves of Bhattotpala’s readings where- 
ever they seemed to deserve preference. A few stanzas quoted by Bhattot- 
pala and manifestly belonging to the Panehasiddh4ntik&, although not to be 
met with in our Manuscripts, we have inserted in the emended text. 

■ * T take this opportunity of correcting, according to my, present views, the translation 





What in the attempt to reconstitute the text of an astronomical or 
mathematical work, has chiefly to be kept in view, is of course to arrive at 
rules which are capable of being proved mathematically. This consideration 
has, in more than one place, led us to introduce chafes even where sue 
appeared hardly to be required by the external form of the traditional text 

I may quote, as an example, the rule for calculating tne hehacal rising of 

Avastya. The considerable deviation from the text of the Manuscrip s w 10 
our emended text exhibits in that place appears to be absolutely called for by 
the mineral principles on which such calculations have to be performs 
accordin'* to all scientific Hindi treatises, and is moreover justified, as my 
collaborator shows in the Sanskrit Commentary, by the circumstance m 
the result of the emended rule of the Panchasiddhtotika agrees with a state- 
“ade by Variha Mihira iu the BrihatsamhM In a few eases 
notably in the last chapter, where we were unable to emend the readings o 
Manuscripts in any satfsfactory way, Pandit SudMk.ahassnhst^d or be 
traditional text, rules founded on the general principles of Hindu astronomy , 
a proceeding which will hardly be objected to, as the cases m ques ion ar 
pointed out in the Commentary, and as side by side with the substi u e ex 
the traditional text is exhibited in full. 
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CHAPTER I. 



Introductory. 


1, Having at the outset done devout reverence to the various most 
excellent Munis among whom Surya and Yasishtha are foremost, and to my 
lather, and teacher by whom I was instructed in this Sastra, T i : i 


2, I shall endeavour to state in its entirety, according to the opinions 
of earlier teachers, that correction of the planetary motions (blja) which is 
most excellent, easy, clear and a wonderful mystery. 


3. There are the following {Siddhantas : The- Faulisa, the Komalea, 

the Yisishtha, the Saura and thePaitamaha. Out of these five the first 
two have been explained by L&tadeva. ■ ■ ' ' , 

4. The Siddhanta made by Paulisa is accurate, near to it stands 
the Siddhanta proclaimed- by Romaka ; more, accurate is the Sintra - (Saura) | 
the two remaining ones are far from the truth. 


5. That snbjeot which is the greatest mystery, 
the minds of the writers of astronomical works, ‘viz., the e 
T am going to explain in this work, dismissing all jealousy* 


•eover, there are contained in this 
e) direction, the duration, the perioi 



7. The prime vertical ; the rising- of the moon ; the 
of astronomical instruments ; the shadow of the gnomon ; 
matters ; the sine of terrestrial latitude ; the sine of col; 
declination and other topics. 


8, Deduct the S'aka-year 427 (i e„ deduct 4 
that S'aka-year for which the ahargana is wanted), ; 
hght half of Chaitra, when the sun has half set 
beginning of Monday, 

9, Turn (the number of solar years remaind 
of 427) into (solar) months, add the months (i e., th< 
of the current year), set the result down in two pla 
place) by seven and divide by 228; add the rest 
number of solar months obtained above ) ; multiply 
add the tithjs (i. e„ the elapsed tithis of the current 
down in two places. 


„ no one place; by eleven, add 514 and divide by 

/ Oo ; deduct the quotient (from the number of tithjs found above). The 
hnal result is the (skyana) ahargapa, according to the Romaka Siddhauta 
bo it is also according to the Paulina which is not much older (?) 

The three preceding stanzas contain a concisely stated rule for tho 
calculation of the savana ahargana (i e., the number of’ civil days which have 
elapsed from a certain epoch up to a given date), according to the Romaka 
bit . nta. general principles of the calculation are those followed in all 
Indian astronomical books and therefore do not stand in need of elucidation 
ine special features of the .calculation according to the Romaka are as follows, 

^ ^ 10 ? 01 10,1 ' J Cleans of which the number of the intercalary months 
ot tne given sum of years is calculated is JL. L « i. x. ; 





, f. ; > i 


therefore have to add seven to 2iB. 

lunar months into sivaaa days e _ 

■ • ,n. 703 lunar days contain 11 kshaya 

jj; yS«jjj?,;' y, ; I'yy h"" /„/ : tl % i A////'; ■■"■ „ ■/■//: 

Since as we see from stanza 15, the y«g» 
mw-cth r M7500 lunar daye out of which 1«»«* 

“ of the above fraction would. strictly speakn.g, 
but for simplicity’s sake tins rather lKbigin 
.bout the additional quantity SU (as well ^ 

1 in the calculations of the Eomaka b.ddhanu) 
ginning of the day is reckonod-not, m the 
out midnight « sunrise, but from sunset ; and 
A (or Ujjayin!) but from that of Yavanapura, 
finally from which the calculations start is <- 
ed, i- r.» 505 A. D, ■. ■ . ■ : 

‘ulo for caieutatih^; 
letails are obscure. 


ths ( S 19 years) we 
mLm' of' converting the . 
g patoto employs the proportion 

|| a, omitted lunar days. _ 1 
IsiLUa comprises i 
^.ylhas, the numerator ‘ 

; %ve to be increased, oy -55-57500 
t foant fraction is neglected. 

Mother similar quantities mvoh 

: >ee the introduction.— The 

nsual Indian fashion, either 
: aot from the meridian ot la. 

Ili Alexandria. The epoch 
Ifrsfcpf Chaitra 427 Saka eh] 

p> ; / ,1 1 1 t ' 1 

n 12,13. Three stanzas appare 
i; the ahargana according to the Paulisa 
u" Compare the Introduction. 

14 According to the Sanra (SiddMnta) there are in 180000 years 
■ 6838 0 intercalary months and 1045005 omitted lunar days. 

. " , . . , of the Bonaaka comprises 2850 years ; (m 

P ; 15. The lum-som omifct ed lunar days, 

these) there are 1050 adhimasas and 10547 

mti * : ; of the years of the yuga constitutes the 

" lfo The sum of the months 7^ ^ ^ave tbe lunar measure ; 

solar measure ; if we add tie nuci . t . ^ W e deduct the omitted lunar 

hi if /{from the lunar months , multjphe y ' > the i uuar measure the 



19. Divide the abargana by thirty, 
current month and multiply by two. 
month results from the remainder, beg 

20. The Lord of the day is fo, 
Multiply the latter hy three, deduct on 
ing by five and dividing by seven wefii 


add to the resulting n 
dividing by seven, the I 
inning from the sun, 


year, month, day and hour. 

— x assumption of years 
that planet whioh rules 
the rule directs us 
of 2520. = 7 x 360 days ; as 
es through the whole series 
m. The kshepa-quantity is 
may start from the epoch of 
periods of 25,20 days have been 
■& years one is added for the 
— j in the series of the planets 
week the Lords of the years follow 
deducted (which is the 
ns to, count the varshapatis from 
year of the epoch. We 
varshapati of the current 
• manner. The result- 
ultiplied b.y two because the 


: f Vo T r g ^° rd ° f the bases on the 

of 360 days ; the Lord of the year so constituted is 

o,er the first day. In order to facilitate the calculation 
to divide the whole given ahargaria into periods 
during each of these periods the varshapati revolt 

in the calculation, 
the calculation 
s remaining— after the i 

* J to the resulting 

year tney are multiplied by three heeause 
arranged in the order of the days of the 
one another at intervals of three, and finally four are 
same as adding three) in order to, enable 
tie sun, nistead of Budha who is the Lord of the 

rft b y s 7“ «•»«■> remainder shows the _ 

r • lbe 0< *» moatk is feiind in an analogous 
>ng number of months „f thirt} . days ^ js m] .= . 

Lo.da of tlM months follow one another at intervals of 

formula for the f' * Simp!C of the al >«gm 

™ fo V, lapsed Lords of the hours would be 

+ ° lAfSed h°nrs- 1) for the Lord of the J hour’is 


during each of these periods the 
of seven, they may be disregarded 
manifestly added to the end that 
the karapa. The dayr "" 
rejected — are divided by 360 



and the Lords of tine hours succeed one another at intervals ot five ; 

orc!er; apparently, to render the above expression more homogeneous, 
■ Lord of the day (which as being a multiple of seven does not change the 
[result) is added and we thus have 5 (3 x Lord of the day - 1 + elapsed 
rs ) This latter expression being divided by seven, the remainder indicates 

Lord of the hour. ' 

23. Increase the ahargana by one and divide by 365 : divide (the 
ainder) by 30 ; the quotient represents months and the remainder is to be 
gidered as belonging to the Lords of the degrees of the signs. 

24 . (These Lords are as follows): Brahman, Praj&pati, IiKlra, Siva 
’ Minva m. Visas (?), Lakshml, Agni, Lama, Surya, Chandra. 


L 25. Hara, Bhava, Guha, the Lathers, varuna, joaiaueva, 

| Yama, Vaeh, SW, Kuvera, the Mountains, Bhumi, Brahman, the highest 

I 'Person (Vishnu). y 

A rule, as it appears, for finding the Lords of the current degree 
1 which is roughly identified with the current day, years of 365 days bemg 
identified with total revolutions and months of 30 days with signs, bevera. 
of the names of the Lords of the degrees are doubtful ; some others-as will 
1 appear from an inspection of the traditional text-had to be supplied m order 
. to complete the required number, viz., thirty. We have not met m any other 
: _ LI p.ra.tion of the Lords of degrees. The subject is ot 


mmmm 

tint* Ji' ,, : 



CHAPTER II, 


Determination of Nakshatras, Etc. 


1. A stanza of obscure import. 

Add to tile abargana 1936 and divide 
the ghanas. Multiply the 'remainder by nine 
quotient are the gatis and the remainder is the pa< 

3. Divide the ghanas by 16 ; multiply th 
throe, rnvide by four and deduct the result taken a 
remainder taken as revolutions ; add the ghanas n 
by 2971, taken as signs and so on 


gatis are the minutes. In case of the number of , 

gat, 1S to be added (to the gatis) and the same 
■om the pada. 

are to be added together with four 
3 remaining pada. According to the 
s a positive or a negative quantity. 

deduct from 2414 • n^tinl^fh ^ ^ multlpIy b ~ v five > add 1094 and 

three, liride * sinty 

-sein^n^T^^Tl' 1 ? " “ >"««* - * ' 

perhaps L thedruf liZtf^ *». and 

compendious than the one usit n ** T""!, mear,s «* * process more , 
preliminary operation is“ u I employed » astronomy. What 4 

' T “ Pr83Cnl>ed m 1, we are altogether nnal 1< 


5. For each half gati s 
hptas and degrees equal in numb 
latter the result has to be added 





2 directs us to add a kshepa quantity of 1936 to tue 
divide the latter into periods of 3031 days each 
The remainder is to be multiplied by 9 and divided 

days each which are called 
The whole given 
a certain 


Stanza 

La and thereupon to 

, re called ghana. „ HMH 

i. e., it is to be divided into periods of 
Che remainder of the last division is called pada. 

1 a is thus subdivided into a certain number of ghanas plus 
! of CTatis pl us a pada. The rationale of this subdivision is, that the 
of _ 2 'i8 d a y S very nearly represents one anomalistic month, while the 
oeriod of 3031 days is nearly equal to one hundred and ten such months, 
in any integral number of ghanas and gatis the moon returns to her 

/from which the calculation must be supposed to start) and thus no 

£ of the centre need be applied to it. The latter in fact depends solely 
remainder which is here called pada. 

While the division of the ahargana into ghanas and gatis furnishes 

once without any further calculation being required, with information 
the position of the moon with regard to her apogee, special calculations 
o be performed to the end of finding her mean place. W e have at first 
how many revolutions the moon performs m one ghana. As 
’ far ignorant of the moon’s mean motion according to that SiddMnta 
teaching the text here summarizes, we employ the rate of motion as 
lined by the Sfirya SiddMnta, when we find that the moon s motion in 30ol 
mounts to HIT 11* 7“ 31' 23". Rejecting the whole revolutions we 
express the above as one revolution minus three quarters of aagn 
bout J- of a sign. Instead of the last fraction the text employs - 

uantityi representing the moon's motion during one ghana (l” '+«*) 

,w to be multiplied by the number of ghanns eon tauod w.thm the given 
rrvu„ vAonifmcr fi-smression stands as follows (g— guana) 


48h+Sr' 


to remain 


llftl 




Rearranging the terms we get 


Remembering now that 12 h 
be rejected, we finally obtain 


h rev and that entire revolutions 


i + 2 m> which agrees with the contents of stanza 3. 


1 + (185 - 1 )“"* . Multiplying this expression by the number of gatis 
sd m the ahargana and rejecting entire revolutions we obtain & 

(185 gati-^J) B " a , which agrees with the former part of stanza 4. 

Alter having thus found the place of the moon at the end of' the 
fhanas and gatis contained in the ahargapa, it remains to calculate 
she has advanced in the remaining fraction of a gati which the text 
da. This remainder presents itself in the form of ninths of days 
:ay vary from 1 up to 247 {248 ninths being a full gati). The text 
ects us to deduct 124 whenever the pada number exceeds 124, and 
:ase to add half a gati to the whole gatis found above. The reason 
is apparent ; during «L days=half a gati the moon advances from 
;ee to the perigee where the equation of the centre again is equal 
and any calculation of the moon’s true place may with advantage 
m the last place at which the equation had been equal to zero Only 
that case not apparent why stanza 5 directs us to add, for that half 
signs plus four minutes to the moon’s mean place; for the moon’s 
tion m one half gati amounts to considerably more, viz., six signs plus 
lety-two minutes. Nor are we at present able to throw light upon 
mig of the processes prescribed in stanza 6. They possibly refer to 

§ ! ldmg the moon ’ s trae P lace > although we are more inclined 
that this latter point is treated in stanzas 4—9 of the next chapter, 
ose stanzas themselves have, on the whole, remained obscure to us : 
te conclusion can for the present be arrived at.— Some further 
>n the point under discussion are to he found in the Introduction to 1 


itfniiirfHf in ■ * — ^ 


'i 



I f t The fourth part of the moon’s longitude multiplied by mne gives 
Ite nakshatra in which the moon is at the time ; the degrees are muhhrtas.— - 
Half the difference in longitude between sun and moon multiplied by five 
rives the tithi which is explained in the same way, {viz., with regard to the 
fflukurta answering to the degrees). 

:: The above stanza teaches how to find from the longitude of the moon 

the nakshatra in which she is. at the time, and the tithi.— For the former 
purpose we have merely to remember that, as 12 signs are equal to 27 naksha- 
tras, 1 sign is equal to f nakshatras. Divide therefore the signs of the 
Bioli’s longitude by 4 and multiply by 9. And as the moon remains, accor- 
ding to mean measure, 30 muhfirtas in one nakshatra, the degrees of the 
moon’s longitude divided by 4 and multiplied by 9 give the muhurtas of the 
current nakshatra.— For tbe latter purpose we keep in mind that one tithi 



, _ AM '° ve ^ r roil §' 11 rales filing the length of the gnomon’* -t 

trom x,he sun’s mean longitude, and nice ^ the latter from the fn 

LtltUde .? t ArantI bein S' supposed equal to the inclination of* thlecl 
T ~ ™ *■*" on the noon of the day on which tel 

Cancer, lae supposition then is that, when the sun has passed n u 

r mii r tthe ** fte shadowTas^’ ftl? 

two angulis, and that each further sign adds two more an«uli s until n g 

^ ^ P ° iUt ° f G : PriCOm the ‘^dow be"^ 
m wr sign then takes away two angulis until the shadow 'will 
nave become zero at the moment when the sun again enters <wJ£ ! 

hnd, by the reverse process, the longitude of the sun from Jh a ^ 
m an y d& y durin g’ the sun’s southern progress divide the middJ T7’ 
7 ” d 7 *° *» quotient, uU at - 

“ “ hK S ° Utllurn I«*"» «* lo-gitade already amounts to 3 A 


e given shadow minus 
sun ; the result is ti© : 
f the lagna is required 
ted from sis sighs, hip 


. : m From tbe result (in both cases,) 
midday shadow has to be added : this is th 
cording to the concise Vasishtha Siddh&nta. 

The above three stanzas contain roup 
the lagna (i. a, that point of the ecliptic wlh 


" »***# « V 



v . horizon.) from the given shadow oi the gnomon and 2. for the reverse 
cakulation of the shadow from the lagna supposed to be known.— At the 

when the sun is on the meridian, the shadow is equal to the midday- 

tadow (known from stanza 9), and the interval between the sun and the 
•WHic point on the horizon is then assumed to amount to three signs (of 
hjurse an inaccurate assumption). The following proportion is now established : 
When the difference of the given shadow and the midday shadow amounts 
to zero, the longitude of the lagna amounts to the longitude of the sun plus 
signs ; to how much will it amount when the difference of the given 
shadow (whether in the forenoon or afternoon) and the midday shadow 
amounts to so and so much. In order to establish a workable proportion (for 
L wp onlv have a proportion one of whose members is zero) twelve is 


’ — v. — - 



CHAPTER III 


Paulina SiddhAnta. 


1. Multiply the ahargana by 120, deduel 
the result is the mean longitude of the sun in due 01 
signs, etc.). Add twenty degrees to the sun’s mean 

_ 2—3. Corresponding to the signs of the 
following (aggregates of) minutes which have to be 
the sun’s mean longitude ) ; viz. 

n, 43, 69, 69, 54, 25; 

and again : ' ■ 

10, 48, 70, 71, 54, 25. 

longitudJ llr °” gh * hem ^ m<!an lo ” 8r!iu<le of the snn 

The above three stanzas contain rules for 
true longitudes of the sun._The former rule is simp! 
tie kshepa-quantity - 33) and bases on the assumption 
prismg 365 6 1 12 m . The method, on the other ha 
true place of the sun is very obscurely stated. It 1 
nas to be understood as follows. 


' 5 , rf4n dered true. There are two series, each containing, six such quan- 

fa - ties . but . as stanza 2 says that those quantities correspond to signs ot 
momdy, we must conclude that only six different equations are intended to 
be stated and that hence the corresponding terms of the two series have 
tobe a dded to each other. On doing this we obtain the following series of 

equations ' ' ' . . ' ■ ■ : "... ■' d ' ■ ■ ' ' ■ ; ■ " 

21 ', 96 ', 139 ', 140 ', 108 ', 50 '; 

and a nearer investigation leaves hardly any doubt that these values 
represent the sun’s equations of the centre for the mean anomalies of 10 , 40 ,. 
J(i°, 100°, 130°,. 160°'. According to the modern Surya Siddhanta the equa- 
tions of the centre for the mentioned anomalies would amount to. 

' ' 24V 90', 182<, 138', 107',. 48*; ■ 

a series not very widely differing from the one given above. 

It now appears that the direction given above to add 20° to each- 
anomaly aims at enabling the writer to state his equations of the centres- 
nominally at least— for entire signs of anomaly ; for 10° + 20 -30 -one sign ; 
40° + 20° = 60° = two signs and so on. : " 

Another question is why the author prefers to state the equations 
of the centre for' 10°, 40° etc. of anomaly, instead of giving, from the 
outset, the equations for 3.0*, 60° and so on.. 

The reason probably is that ho originally intended to. state the 
equations of the centre for whole signs reckoned not from the apogee or 
the sun, but from the beginning of the sphere, vs., the fat pourt . e 
for station the sun’s equations of the centre for M 40 co of anomaly 
• u 3 i i- fham for 90* 120° etc. reckoned from the beginning of 

Mm sphere if only the longitude of the apogee amounts to 80 . But 
well known that the different SiddMntas teach the longitude of the apogee 

to amount to so much or about so much.. ■ _• . ' ' v 

Six stanzas referring to the moon and fast probably teaching 

how to find her true position. The details however are obscure. Compare 

othe:Tnfeodueiioh.q.:' ; yf ; yy... y yv. . v c- y.y \ ' ' y . V yiy-yi 


.‘W,,r 0 ra4tV’ ■ : sbrtaeu '.and’.'-- a ;■ half, ,se?©py.. : »m»f ; :f. 



Beginning from the day of the (vernal) equinox there takes place ; 
of the length of the day, which is to be determined for the 
beginning with Aries by means of the quantities (khcmda) (determ inelzh^ 

?‘ Me ™ «o bo subtracted from each other sAl If 
for the three signs beginning with Cancer; a decrease (to be determined in ' 
analogous way) takes place in the sis signs beginning with Libra. & 

_ 12. This method of finding the vinMilds of ascensional different 

urmshes accurate results for the country lying between the ocean and th 

Himalaya mountains; how accurate results are to be found for other localitin 
I shall explain m the ehedyaka-chapter. " M 

A rough rule for finding the length of the day during the different 
seasons of the year m a given latitude.— The author at first— by a mrfi , 
whose details are not given-ealculates the vinfhjikiSs of ascensional difference 
,°‘ bist three signs for tliose places where the equinoctial shadow is 
to one, and doubles the results so as to have ready the quantities which in 
each given case have to be added to the length of the equinoctial day Ha 
thereupon directs ns simply to multiply the doubled results by the given 
Mmnoetial shadow in order to find the ascensional difference for any given 
a dude. The further steps of the process are the customary ones and are 
moreover detailed m the Sanskrit Commentary. 

1! ' The nadikris arising from the difference in longitude from Yavana 
Of avanapura) are seven and a third in Avanti, nine in Yardnasi fBcnarl!) 

I will now explain the calculation (of the difference in Wit, A in IS I 


t “ snm °r multiplied by nine, divided by eiVhty 

" SqUared ;. “ uMraCt the s 9"“ re of «• difference of the two ititA* I 
are root (of the remainder) divided by six gives the desired nichljs. 

The above two stanzas teach how the longitude of any given place is 
J« listed. Stanza 13 states the distance in longitude of UjjavLf and 
i from i avana (pura) e, undoubtedly, Alexandria. Stanza 14 teaches 
5 distance m longitude of any given place from a given meridian mav 
lated. Let the Meridian be that of Ujjayinl and let the distance in 

0 gl I 6X1 pkee be known. The first task is to express 

anc« in aegrees. The equatorial circumference of the earth beino- 

to amount to 3200 yoianas, we have the simnl« 



8200 yoj. : 860 =■ given ypj- 

'.•V"", by ■■ rr4 36Qxg iYe nyoj , ^ a x g iven -yoj- 

"fo\* * ; ',,3200, , ~ 80 m. 


We then take the right angled spherical triangle which has the dis- 
tance of Ujjayini and the given place for its hypothenuse, and for its two sides, 
1, that part of the parallel of latitude of the given place which lies between that 
place and the prime meridian and 2. that part of the prime meridian which lies 
between Ujjayini and the mentioned circle of latitude. Tire latter side is 
known, for it is equal to the difference of latitude of Ujjayini and the given 
place.' The triangle is now treated as a plane one, and from the hypothenuse 
and’ the given side the third side — which represents the desired distance in 
longitude — is deduced. The result which comes out in degrees is turned into- 
n,i#as by being divided by six. 


15'. Half the nadikds of' ascensional difference have to be subtracted 
from the nadikas of difference of longitude in the northern hemisphere, and in 
the southern hemisphere they have to be added ; reject the remaining ascen- 
sional difference. 


16, One nakshatra comprises eight hundred minutes of arc.. The 
tithi is to be calculated from (the longitude of) the moon lessened by (the 
longitude, of) the sun, by means of twelve degrees (being used as tbe divisor). 
The time (past and to come of the moon’s conjunction with a nakshatra) is to 
fee calculated by a proportion founded on the motion {of the moon) ; the time- 
of the current tithi is to. be, found from a proportion founded upon the differ- 
ence of motion of sun and moon. 


, 17, The (daily) motion of the sun amounts to. sixty (minutes) minus, 

three, three, three, three-, two, one ; plus one, one, one, one ; minus nought,, 
one, in turn, ■ ' . 


A rough statement of' the daily amount of motion of the sun during 
the twelve months of the year beginning with Chaitra. The amounts standi 
as follows:. . . ' . 

57', 57', 5 7 \ 57', 58', 59';. 

61/, 61', 61', 61', 60* 59', 






ionrf by the longitude at the m have to be divided W 
2““®“' Inc remaining operations are to be performed 


? fmm the middle of tiro fourti tin 

lea oakum, Chutashpuda, N 4 ga and Kimstugb,,! 
0.0. (Ah) Karaites occupy half (of a tithi).° 

os teach how to calculate the karanas, ,1 e 
f Karanas of the month-whose names m "crWe T 
te four names are bound to the second halfofth 
halt to the two halves of the fifteenth of the 
of the first tithi of the light half. Thf , ^ 

t- ley recur, eight times each, at different 
■ order to find the current kararta, we divide the 
and moorpy 360, o„ tire number of nueuiee 
, to quotient then indicates the number of the 
never that the counting of the karapas may 
. le that moveable karana, we. before ,in.or._ 
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t lien the sum of the longitudes of the 

complete circle it is called Vyatipita; the time 

Mhertained by means of the degrees 

21. When the return of • 
summer solstice) took place from 
was right ; at the present time the 

.the degrees of the ayana are in the opposite direction li „ 
•on is retrograde), and the quantity" t Q be Ztdtt2 

T"7 n TeTti t0 i (as n ™ ch as) the degrees qf tke s *»'* 

taLhac ' ki h !„ ■ egreeS .°! *«"*• to 24): 


sun and the 

pus, it is called Vaidhrita ; when it 

(of those conjunc 
passed through by the sun i 

the sun towards the soutl 
1 the middle of Aslesha, tin 
ayapa begins from Punarvasu 


' 22, Whe 

when, the preees 

longitudes of sun 
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f| . ijhe Yyatipata — aspect takes place when the sum of tlie ; longitucles 
j gun au j moon amounts to 180°; the vaidhriti-aspect when it amounts 
to 360 °. This definition, without any qualification, applies to the time of 
giddh&ntas when there was no precession, or when — as stanza 22 

expresses it the ayana had retrograded 24 degrees from the point which 

jt' formerly occupied, viz., the middle of AslesM. At the time however 
-••k-h the solstice occurred at this latter point, there were 24* — or more 

Strictly 23° 20' precession (reckoned from the beginning of nirayana mesha) 

and hence, in order to express the condition of Yaidhrita and Yyatipata, 
uhnnld have to say : Yaidhrita occurs when 


17 naksh. + 10 naksh. = 12 


Thereby the rule given in stanza 20 explains itself Wnen 
applied, then the ayana was right, i. e., agreed with the rule given 
20 for the determination of Yaidhrita and Yyatip&ta. 

23, The equinox (vishuvat) occurs at the beginning of , 
Libra; the Shadasitimukha within the degrees of that sign which 
Libra (i. e. Yirgo); those (degrees or) solar (days) which remain 
Shada 3itimukhas are the days of the fathers. 



The fehadasitimiikhas are divisions of tlie ecliptic into ares of 86' 
ning from the first point of Libra— The sixteen degrees or solar days 
mg between the fourth shadasitimukha and the first point of Libra e 
to belong to the fathers, because whatever is given in them to the fa 
imperishable (Su. Si, XIY. 6). 


_ f xne mmutes ot (the diameter of) the sun s disc, multiplied by sixty 
■and divided by the sun’s daily motion, give the number of nddikas which 

constitute the holy time on the occasion of the .sun entering a new sign ; 

half before (the sun’s actual entrance) and half afterwards. 

The samkranti actually takes place at the moment when the sun’s 
•centre enters the new sign ; but the whole time from the entrance of the 

suns eastern limb to the entrance of the western limb is considered holy 
The proportion employed for the calculation of the length of that time 
is easily intelligible. 


27. When the sun rises touchi 
the conjunction is the one, ‘ which tou< 
day touching three tithis (we have the 


ng the end of a tithi and another day, 
;hes three days’ ; while in the ease of one 
conjunction touching three tithis). 

as connected with tithivriddhi and 
the ease of a tithi beginning before the 
y after sunrise on the next day, so that 
lt touches three savarta days. The latter term applies to the opposite ease of 
one savana day touching- three tithis, 

, , 28 ' ^ ultl P ! y the abargaya by 8 and divide by 151 ; the quotient 

indicates the degrees of Rahu (i. e., the moon’s node), to which as many 
.minutes have to be added as there are complete revolutions. 

,, The above rule for calculating the place of the moon’s node bases on 
j &s * m f tlon that the node moves very nearly eight degrees in . 151 days,' 
W ence l wou d follow that it performs a complete revolution in 6795 days. 
We are however told that for each full revolution performed within the 


3?r?n 




« i v Kp <cj rl ri 0cl to tllG plstCG 

- "C °^ S — wind that the 

“ period of one revolution of the node is 6794' 16 2, 29. 


n 


» SS* 

*• rf "^e deducted tan that place. We do not know 

X” b »^nt by the ‘vrfehika-bhS#,!. 1 ot BUra.] 

30- When the tteclipfc; 

Z she i^less advanced In the h^ and .note advanced than the tali, *. 
let to the south of the asura, .. a. Bahu. 

, s at its maxu - - ■ ■ \ , ^ proportion. 

latitude) for other places is to be tound yp i 

i • „„„ v f A few lines indeed lend 

**f- ^tiotTd alew emendations are obvious ; but we arc un- 
BSgS text a connected meaning.] 
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CHAPTER IV, 


X. The square root of the tenth part of the square of 
ferenee— which comprises 360 parts— is the diameter. Having a 
lour parts of the circle ({. e. having divided it into four parts) the 
eigntu part of a sign (i. <?. of 225') (has to be ascertained). - 

2. Take the square of the Radius and call it the ‘eonstan 
the fourth part ot it is (the square) of Aries (i. e. of the sine of 
Hie ‘constant square is to be lessened by the square of Aries (i. e 
The square roofs of the two quantities (i. e. the square of Ari< 
‘constant’ lessened by the' square of Aries) are the sines (viz. of 
respectively). ■ ' . . . 


ln °wer to find the remaining desired (sines), take the double of 
the arc (whose sine you wish to find), deduct it from the quarter (of the circle), 
diminish the Radius by the sine of the remainder, and add to the square of 

half of that. (viz. the. Radius so diminished) the square of half the sine of 
double (the original) arc. ■ ' • • ■/'. '/ 

* 4 ' Tlie square root of that sum is the desired sine. The ‘constant’ 
square lessened by that sum (is the square) of the remaining quantity (i. I of 
the cosine of the given are). Half of the ‘constant’ square is called (the 

square of) one and a half (tab. signs i e. 45°).— Another method also is taught 
here. - w . .V'V " . ■ ■ ■ ■ . n.wM s 


mj 




5. Lessen the Radius by the sine of three signs (?" 
which (three signs) double the required arc has been previou: 
multiply the remainder by sixty ; the result is the square (of 
By deducting that, square from the square of the Radius 
square of- the 'cosine. 







,ot of the difference of R 2 and the square of sine 60’.— The 
•hieh the other sines required are found will be understood with 
« the help of figure 1. Of the arc th e sine of which is 

required — let us say ab — -double is mken— -ac, .Lhe 
‘ ^ 'v s i n e of this double arc = cf and the sine of the 

" j \ complementary arc ' (cd) = ef. By deducting ef from 

^ e \ the Radius we get af and by drawing from h (i e, 

* ~j the point marking the centre of the chord ae) the 

: J line hg parallel to cf we halve the line af and thus 

/ obtain the value of ag. The line hg again is half 
of cf, and ah i. c., the desired sine = s/bg* + agb— 
r^T and 30" being given, the above method can of eour.se be 
£ finding ae sine of 15" and so on—The eosmeoftho gm-n 
ioedm to say — is found by deducting the square ot the sine 
” : „ ' -OcrKrio and teHn? the square root- of the remainder. 


method described in .stanza 5 is not essentially 
We are directed to multiply the 
of the complement of twice the given 
of the desired sine. Nov/ 


The so-called different 
ferent from the method described before, 

Terence of the Radius and the sine 
G by 60 , the product being equal to the square 

the above diagram 

'W. ' ■ ah 2 =hg’ + a# 

Now -ag — -(f) — r a 

bg -(. 2 ) -1 - 4 

ce ! -(ae-af)s ___ 2aex_a£-^ 


we 'obtain 


f- Adding the expressions 


0 ' 0 . 



7. (To which have to be added in succession) 51 ; 40 
0 (seconds). 


8. The sines in Taurus are 6 j 13 ; 19 ; 24 ; 30 ; 35 ; 39 ; 43 minutes. 


9. The seconds in Taurus are 40 ; 3; 7; 51; 13; 13; 46; 56, 


10. The sines from the end of the second sign (i. e. the sines in the 
sign, Gemini) are, in minutes, 3 ; 6 ; 9 ; 12 ; 13 ; 15 ; 15 ; 16. 


11, The seconds are 42 ; 57 ; 42; 0; 47 ; 4; 49; 5 


otanzas 6 — 11 contain the table of sines calculated for the Radius 
120. As generally in. Indian astronomy,, the arcs for which the sines are 
calculated progress by 3° 45', so that twenty-four sines have to be Computed 
for the quadrant, each sign containing eight sines. By the minutes of the 
text we have to understand one hundred and twentieths of the Radius, by 
the seconds sixtieth parts of those minutes. The amounts stated for the 
sines of Taurus have to be added to the last sine of Aries; so likewise the 
amounts stated for Gemini to the last sine of Taurus, 


The complete table of sines stands as follows 


In Aries the minutes are 7, in the last sine 6 ; in Taurus 
; 5 ; 5 ; 4 ; 4 ; in Gemini they are 3 ;• 3 ;• 2 ; 2; 1 ;■ 1 ;• 0 : 
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north-south line. The figure harmed by the two intersecting arcs is by Vaiiha 1 
Mihira likened to a barley corn ; its ordinary name “matsya” bases on its re 1 
semblance to the outline of the body of a fish. 

"yi i ; V;.;'by "■ : '''^v - 'I 

20. To the square of the midday shadow of the gnomon on the da >• 

of the equinox add 144 and take the square root of the sum. By this square 3 
root divide the product of 120 and the equinoctial shadow ; . J 

21. The quotient is the sine of latitude; the arc corresponding to S 

that sine is the latitude. — Or else on any given day (after having gone through 
the process described) add to the result the sun’s declination in the six si<nis 
beginning with Aries, and deduct it in the six signs beginning with Libra 
The result is the latitude of the given place. \ ’ 

The two well known methods for ascertaining the latitude of a given 
place.— -The first method avails itself of the equinoctial shadow and of the 
proportion 


Equinoefc. hypothenuse : 
latitude. 


equin. shadow =120 i. e. Radius : sine of 



The second method dispenses with the knowledge of the equinoctial 
shadow and starts directly from the midday shadow of any given day. It 
thus ascertains the sun s zenith distance (the nat&msas), and by adding to it— 
or subtracting from it in the southern hemisphere — the sun’s declination 
obtains the desired latitude. 

22 . Deduet the sun’s declination from the latitude (in the northern: 1 "'',, 
hemisphere), and add it (in the southern hemisphere); divide the sine of" 
(the remainder or the sum) by the square root of the difference of the squares 
of the sine (found by the above subtraction or addition) and the Radius, and 
multiply by twelve. The result is the length of the shadow at noon. 

A rule for finding the length of the shadow at noon on any given day 
from the latitude of the place and the sun’s declination. By either deducting 
the sun’s decimation from the latitude or adding it to. the latter we obtain the 
sun s zenith-distance. We then establish the proportion 

Square root of difference of squares of Radius and sine of zenith-distance : 
Sine of zenith-distance = 1 2 (i e. length of gnomon) : x ( i . e. length of shadow). , "| 




SUM 



of the) colatitude is found £ 
of the Radius and the s 
found by doubling the square rool 
of the Radius and the sine of decimation 


- 23. The (sine 
^ difference 'of the squares 

■‘’diamster is 

squares e- - 

The former of these two 
(lamba) or, what is the same, the cosine 
ke calculation of the day-diameter ; 
circle described by the sun on any < 

24. The sines of declination of the sun 
§J Gemini are twenty-four, forty-two and forty- 
mn A fnriv-eisfht sixtieths respectively. 


rules teaches how to find the sine o, colatitude 
of latitude.— The latter rule teaches 
i# e-> i n this place, the diameter of the 
day for which the sun’s declination is given. 

at the end of Aries, Taurus 
•eight plus twenty-four, fifteen 


Gemini. 


Taurus. 


Sine of Declination. 


Day-diameter. 



any given declination of the sun, and therefrom the respective length of the 
day and the night. For this purpose the so-called earth-sine (kujyt) has t< 
be found, which is clone by dividing the product of the sine of latitude and 
the I sine of declination by the sine of colatitude. •Thei^hpdh"th'e;' , 'wii;e/^l't^ 
ascensional difference is found by dividing the product of the earth-sine and 
the Radius by the day-radius, i. <?., half of the day-diameter found previously 
Of this sine of the ascensional difference the arc is taken. As six minute 


27 — 28. Multiply the day-diameter by the sine of half the ascensional; 
difference and divide by two hundred and forty; the result is the earth-sine 
(kujyh). Take the square root of the sum of the squares of the earth sine 
and the sine of declination, and divide by that square root the product of earth 
sine and Radius. The quotient is the sine of latitude. Deduct the degrees 
of latitude from ninety ; the sine of the remainder is the sine of colatitude. 


mr mining ine latitude ana coiatituae irom tne given ascen- 
sional difference. At first the earth-sine is found from the ascensional differ- : 
ence ; the divisor is 240 i. e. 2 x 120 = 2 R, since the multiplier is not the day- ' 
radius but the day -diameter. The earth-sine and the sine of declination are ■ 
the two sides of a right-angled triangle whose hypothenuse (the measure of 
amplitude ; agrd) is therefore known. A proportion is then established * . 

Measure of amplitude : earth-sine == Radius : sine of latitude. 

The complementary sine of the sine of latitude is the sine of colatitude. . 


arisiT *r 


29. Of the signs beginning with Aries take the square of the 
eud of the sine of declination ; by the square root of the difference of tl 
squares multiply the diameter and divide by the day-diameter. Mult 
the are (of the sine thus found) by ten ; the result are the virxadikas of 
rising of the signs. . 


SO. Thus there are found beginning from J 

:^^.hj8g»wing ! with, Aries) p| 8,-290 and (as tb 
further on (i e. for the three , signs Cancer, Leo, Vir 
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altitude when the son is on the prime vertical, the sine of the 
and that part of the sun’s day circle which is interceptec 
of the prime vertical and the six o’clock circle. On the 
sun’s declination not changing within one <* 
calculated will enable us to fix that moment also when the 
the pj^me vertical in the western hemisphere. 


sun’s declination, 
y the projections 
supposition of the 
day, the sine of altitude thus 
-- — c sun again reaches 


The rule has of course 
south-declination. 


no application m the ease of the sun hav 


A rule for finding the ascensional difference, basing on the proportion 
sin cola t sin latit. = sin declin. : kujya. 

The result is thereupon reduced to termsof Radius by another proportion. 

35. Multiply, in the northern hemisphere, the sine of the sun’s longi- 
tude by the sine of his greatest declination, and divide by the sine of latitude ; 
the result are the so-called minutes of the £ahku (i. e. of the sine of the 
altitude of the sun when the latter is on the prime vertical) ; from them the 
shadow of the &nku is to be found. 




A rule for finding the sine of the altitude of the sun when the latter is 
on the prime \ erticah The first step is to find the sun’s declination for, the 
given time ; this is done by means of the proportion 

Radius : sin greatest dedin. = sin sun’s longit 2 . sin declin. 

. Thereupon the £anku is found by comparing the two similar triangles 
of which the one is formed by the Radius, the sine of latitude and the sine 
of eo latitude ; and the other by the 3anku, the sine of declination • and that 

part of the sun’s day circle which is intercepted by the prime vertical and the 

six o’clock circle, , " ■ 


The proportion .established is 


Combining the two proportions we get* 

Had x sin great decline sin longit. __ sin great, d eelhp * sin long fo 
Bank'd = — ' sin latit. x Bad * sin latit. 

Therefrom the shadow of the gnomon at the moment when the sun 
is on the prime vertical may be found, without difficulty. 

36 That person, who determines the moment at which the sun 
cros? es the prime vertical and who is able to produce general confidence in his 
calculations, thoroughly understands the theory of the sun. 

37 “If the sun performs one complete revolution in a year, how 
much does he accomplish in a given number of days?” Such like calculations 
even an ignorant fellow,, can easily perform by means of lines drawn with a 

38. When the shadow of the gnomon completely coincides with the, 
east-west line in a circle in which the directions have been marked, then the 
|bj|Is on the prime vertical. 

39. Multiply the Radius by the given sine of declination, and divide 

by, the sine of colatitude ; the degrees of the result indicate the distance 
from the east-west line at which the sun rises or sets (on the given day). 

A rule for calculating the sine of amplitude (the so-called agni), founded 
f$$ : the proportion 

sin colat. : R=sin declin. : sin amplit. 

40 Multiply the sine of declination by 120 and divide by that p. r- 
by the sine of amplitude as found m 114) , the result is tnc 

Deduct the arc corresponding to that sine from , e rem 

degrees of terrestrial latitude. 

A rule for finding the terrestrial latitude, the sine of amplitude being 
o given* The proportion is > g 

sin ampl. ; sin decl. = R : sm colat.. ' : ! ^ 


41. Take the twentieth part o£ the vinihfkfe to which 
■ euce at the given time amounts and put it down m two P ^ 


Wmt I 



part from— or add it to— the given n^iMs {i. e. the ndtfikds which at tfo 
given time have elapsed since sunrise) multiplied by six. 6 i 

? ■ |§fff§ 

42. The sine of the remainder (resp. the sum) is to be increased or 
diminished by the sine of the twentieth part (mentioned above), accordin' as 
the sun has nothern or southern declination. Of the nadikds multiplied by 
six take the sine without applying (to the said nMikas) any correction. 

43. Multiply the sine thus calculated [i. e, the sine of the remainA?- 

increased or diminished in the way taught in 42) by the product of the | 

diameter and the sine of colatitude, and divide by 28800. The quotient ' 
indicates the minutes of the sun’s altitude. "■& 

44. Deduct the square of those minutes from 14400, and take the m 

square root of the remainder. Multiply the square root by 12, and divide h\? I 
the minutes of the altitude. The result is the shadow. * . 3 

A rule for finding the length of the shadow at a given time— The 1 
first step is to find the degrees of the ascensional difference which above M 
was determined in terms of vinMikAs, The vinMikAs divided by 60 pye ; If 
the nadikas, and as the ascensional difference had above been taken double 
(in order to determine the length of the day), 120 is substituted as divisor for f 
60. Six degrees going to one »A(|ikA, the final expression for the degrees of ■■ 
the ascensional difference is ; 

. . VmM.x e Vmad. . ■■ I ' 

#: y gap "A; d > d dgmdd;:'' .y. 


l he given nadikas (i, e. the nAdMs which have elapsed from sum 
thereupon multiplied by six, whereby the number of corresponding . 
is found, and the degrees of ascensional difference as found above are < 
ed from them in the ease of northern declination, and added in the 
southern declination. 


Tbe / ine ofthe aro so determined is technically ealled £ sfiti 
biddtunta Siromani, TriprasnadhikAra, 54). This shtra increased bv the 
ascensional difference in the northern hemisphere— and diminished 1 
the southern hemisphere -gives the sine- technically called ishta 



arcs, viz., that arc ot the as 
six o’clock circle, and that arc 
the horizon). 

The proportion employed i 
Rad: antya= 


„ . , . antya x dyujy& _ a ntya x 2 ayujE* 

.*. hriti = 120 

n order to find therefrom the sine of the sun’s altitude the following 
.on is employed 


Talon «• the right angled triangle of which the menus is ^ 
OTUse and tie sine ot altitude one side, we find tie other e.de *ei 
i to the sine of the zenith-distance, the so-called drigjja . 

drigjya = v/Rad^maltft.’ = V 7 14400 -sm alt 

We then finally establish on two similar triangles the proportion 

sin alt : sin zenith distance^ 12 i. e., gnomon : shadow. 

root of the sum of the squares of the shadow and 
’ > S ine of colatitude, and by the product divide 
called the first sine (prathama-jiva). 

sine of latitude by the (sun’s) sine of declination 
sine of colatitude; put the result |g|g 
it from the first-sine, if the sun has northern decimation ; 

ms southern declination. 

rrt. » i. --rtt: 'jrrxzs 

while they have to be deducted m 


45 . Take the square 
of twelve; multiply it by the 
172800 ; the quotient is c 

46. Multiply the 

of that day and divide by the 
' : ’Deduct 


/ 






m: 


A rule for finding the time of the day from the length of the i 

r e :x e r e of the sbadow ^ *-* *• ^ ~ 


hyp. shad.: 12= Rad: sin altit. 
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Thei eupon the following proportion 
sin eolat. : Rad = sin altit. : hriti. 

. • n “ f ne y ich commonly is called hriti (see above) is by Varilv, 

Mihira called prathamajyd. Its value is expressed by the following formt 

prathamaiy&= , iL?“£ n*(my- mm 

yp. bhad. x Bln eolat. hyp. shad, x sin eolat. ~ h^d^lS^oE 

Next the earth-sine is calculated by the following proportion 
sm eolat. : sin lat.=sin dee 1 : earth sine 

way, to the dimensions of a great' Sc" a^d we^h 7! ^ “ f 6 

sfttra-sine (see above) and 7 i ™ S ° btam the “-oiled 

tbe arcs of both these'sines and adStllTTeS’etf "“St . W * 

hemisphere; while we deduct the latter from the former in tli n ° r ^ lierU 
nennsphere. By dividing the sum-or 

nadikas during which the sun has been above the horizon. ’ “ 

the 4u.is?ftTha^tL— “ d b * 

from them the afigulis of the midday-ihSow te rete 
hemisphere, the n&tfik&s which have • . ’ the eastern 

hemisphere, the nadikas re„Sn>Sm!lf SmCe 


the equation 


Another rule for finding the time, basing on the observation 


that, when • i, 


given shadow+12— noon shad. = 12, holds good, the time is midday. 


How many nadikas then will 




sed since sunrise, if the left side 




, n is equal to any given number, w., the given length of the 
r time ' The resulting formula is 


=r __ 6 x day 

12 + given sk»d. - noon s] 


aidik&s 


e day by six, and divide by the given 
and add the midday-shadow. The 
given time). 


49. Multiply the measure 
s ; lessen the quotient by tv 
is the shadow due to the sun (at the g:r: 

The above rule for finding the lengtl 
, fflArel v the reversal of the rule given in 


x measure of day 


12 +noon 


before the sun the nadikas, which nave eiap. 
n „ of the sun, have to he added to the obser 
h Intervene between sunrise and the mom 
ia dow is required. 

methods successively taught for the calculai 
difference,, etc., the day-circle, declination and 
3r the moon also) ; the previous rules apply - 
items for the other planets may 


of the nadiMs of ascensiona 
on have to be ascertained 
to her setting. The com 
ascertained by appropriate 

52. 53. 54. Multiply the 
root of the sum of the squares of 
result by the sine of latitude ano 
multiply the sine of greatest decl 
divided by the sine off colatitude ; 
Deduct from the latter sine the r 


jus by twelve, and- divide by the square 
shadow and of twelve. Multiply the 
fide by the sine of colatitude.— Again 
on by the sine of the sun’s longitude 
result is the sine of the sun’s amplitu e.-~- 
. obtained above in the ease ft sw ; 





having northern declination, and add it in the case of southern deelin r 
multiply the difference (resp. sum) by the hypothenuse of the shadow ” 
divide by the Radius; the resulting angulis are the koti (perpendin T 
The square root of the difference of the squares of the koti and the shah 
the bahu (base). In fixing the directions the Mhu is even (i c . coincided 
the east-west line), and at right angles to the koti. * ■ 

.A rule for finding the distance of the base of the gnomon (or else fh 
distance of the end of the shadow) from the east-west line.— At first tl ■ 

of the sun’s altitude is found by means of the following proportion * ^ 

hypoth. shad. : 12 = Rad : sin alt. 

From this the base of the sun’s altitude is found by means of the fbl 
lowing proportion 1 

sin colat. i sin lai. = sin alt, i base alt* 


Thereupon the sun’s sine of declination for the 
lated by means of the proportion 


Radius : sm great, deelin. = sin sun’s longit. : sun’s sin deelin. 

and therefrom the sun’s sine of amplitude by the following proportion 
sin colat. : Rad. =5 sin deelin. ; sin ainnl 


3 expression for the latter therefore Is 

sin — SIn great. decL Bad 

X r- 


We thereupon take, in the northern hemisphere, the di 
sine of amplitude and the base of altitude-and the sum of th 
southern hemisphere-, and thus obtain the distance of the base 
dicular, representing the altitude, from the east-west line. In c 
tms distance to the terms of the small sahku, i. e., the gnomon 
proportion is established ’ ? 

Rad : dist, = hyp, shad.: bhuja; 

the bhuja thus found being the distance of the base of 
_rom the east-west line. This distance, ordinarily called bhuja 

: ■ ' A 1 


gnomon 



55. Multiply the Radius by the interval between the shadow and the 
east-west line (i. e. by the koti = bhuja found above), and divide by the 
hypothenuse of the shadow. Of this result there has to be taken the difference 
(from the result found above, viz., the base of the sun’s altitude), if there is 
sameness (i. <?., if the bhuja of the 4aiiku and the base of the sun’s altitude are 
both measured in the same direction) ; while the sum has to be taken, if there 
is difference ( i . e., if one of the mentioned quantities is to be measured from 
the north to the south, and the other from the south to the north). The 
result is the sine of the sun’s amplitude. 


56. Multiply the latter sine by the sine of colatitude, and divide by 
the sine of greatest declination ; the result is the sine of the sun’s longitude.— 
According to the rules here given for the sun the corresponding calculations 
have to be made for the other planets also. 

The above rule for calculating the sun’s longitude from the observed 
koti (= bhuja) i, e., the distance of the point of the shadow from the east- 
west line at a given moment is simply the reverse of the preceding rule. The 
expression for the sine of the sun’s longitude is as follows 

. sill- amply x sm col&t, . ■ Bad. , __^ ainatnpl. x sio c ol at, 

. BIB' Ipnglt* ~ ^ sin great, deal* ' sm great. deeliri. . ■* 







r ’s BECOMING YlSIBLB. 


1. Take on the one hand the sum, and on t 
ence [ of the distance of sun and moon and the differei 
multiply the two quantities thus obtained and take i 
product. Divide by that product the difference of 
previously has been multiplied by the latitude of the 

2. The result has to be deducted from tl 
moon, rf the tnoon’s latitude has the same directior 
decimations ; m the opposite case the result has to b 

of the morning-twilight the directions as to adding « 
be reversed. 50 


v eorr eeted interval of sun and moon) 
'°m the seventh sign of the ecliptic— 
sky being clear, the moon is seen by mei 

determining the distance from the sun a 
ecomes visible after new moon. Let (1 
a segment of the Ecliptic, in which S 
sun and E the point in which the moor 
cuts the ecliptic. The moon’s place is 
ment of the day circle— parallel to the ' 
by the point E of the Ecliptic; B S a s< 
circle of decimation ; md a segment of t 
declination. Treating all the ares as ) 
have in the right aneded tvinnr.m wx> o 
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E B = \/E S 2 - B S 2 =v / (E S + B S') (E S - B S) 

Now BS and md being parallel, the angles E S B and m cl E are 
equal, and hence the two right angled triangles are similar. We thence find 
by proportion 

Tpii B SxE m 


By the amount of Ed so found the distance of the moon from the sun 
in the ecliptic has to be corrected. Ed has to be deducted in case of the 
moon’s latitude and the difference of the declinations of the two bodies 
having the same direction ; while it has to be added in the opposite case. — 
The moon is first seen when her corrected distance from the sun amounts to 
so much that it sets — or, what is the same, that an equally large piece of 
that sign of the Ecliptic, that is seventh from the sign in which the sun is 
;j.f the time, rises— in two n&dik&s. 


4. (The text and meaning of the first half of this stanza is doubtful ; 
it possibly contains a remark of an astrological character, as explained in the 
Sanskrit— Commentary). ' >,;/ 


The twelfth part of the hypothenuse represents the illumined part of 
the moon ; it is to be laid off in the direction of the base. 



8. Multiply (the 


9. From the longitude of the sun lessened by that of 
(ascertain the number of the intervening signs) ; according as thej 
more than six, the rising’ of the moon has to be determined as if 
during the day or during the night, owing to the rising- of the sun. 

10. Having thus (i, e. in the way indicated in stanza S) pei 
subtraction or addition, deduct the moon’s longitude, lessened by • 
sun, from half the circle ; in the time (reckoned from sunrise) equal 
of the rising of tne remaining* signs the moon goes to her setting. 



RmiiB. stall 

Substituting 


we finally obtain 


moon s 



CHAPTER VI 


nar Eclipses (according to the Paulisa Siddh. 


~ wmuu » xaKing sunrise as the 

b to come, the corresponding minutes 
culated. . They are to be deducted from 
moon tithi having terminated before 
dace of the moon at that time (i e the 
■on tithi, i e., the time of opposition) • 

nar.fi J * 


<j. Deduct the square of the n 
the square of fifty-five, and take the sq 
•it and operating upon it in the manner 
duration of the eclipse. 

4. Lessen thirteen by the deo-i 
and Rahu, and multiply by five ; the rc 
to the duration of the eclipse in the cas, 
longitude than the moon ; otherwise it i 



2 refers back to the rule given in III. 29' 
s node. Its latter half states the lunar 
‘shadow of an eclipse’ we apparently have 
the diminution of the moon’s light by the 


Stanza 


duration of 



•nar Eclipses (according to the Paulisa Siddh 


1. v From the na<iikas of the tithi, which, ti 
starting point, have elapsed or are yet to come, the eo 
of motion of the moon have to be calculated. They are 
the moon s place (in case of the full moon tithi havin. 
sunrise), and we thus obtain the place of the moon i 
time of the termination of the full moon tithi, i the 
while in the opposite case the lPimrfncx ~ L _ it •»■ 


ae last line of the text of the stanza • 
general meaning. The longitude of the’ 
for sunrise ; now, when the discussion of 
requite to find it for the moment of 
of full moon. According as that moment 
nch the moon’s longitude had been found 
icreased by the amount of the moon’s 


2. Deduct from the longitude 
thereupon take the degrees intervening 
these degrees are within thirteen, there is 
the shadow of an eclipse. 


3. Deduct the r 

tiie square of fifty-five, and take the 
it and operating upon if in the 
duration of the eclipse. 

4. Lessen thirteen by the degi 
and Raku, and multiply by five ; the r< 
to the duration of the eclipse in the eas< 
longitude than the moon ; otherwise it i 


square of the minutes of the moon’s 3a 
— c square root of the remainder, 
manner of the tithi, we find the 



Stanza § calc 


duration of 


■found stanza 4 directs us to apply a correction 
ver unable to assign. 

degrees of interval (between the 
and multiplied, then multiply by 
and multiply the latter by Wy-one ; the fifth 
the minutes of total obscuration. 

- unplete obscuration during a total 
be calculated first is the latitude oi 
e obscuration begins. For this purpose 


5/. By fi-yW , dnmmsli 
hiqon and hpr bode), lefi ten be 
four/ take the square root i 
part of the result indicates 

A rule for calculating the time of eo: 
eclipse of the moon.— The quantity to 

the moon at the moment when complei 


o 


tf*c; 



the sine of the degrees intervening between the moon and the node 
calculated, according to the formula: sine= 2 - - x - ^ grees - (21 being the sine 
10 degrees if the Radius =120, and ten degrees being introduced into ti 
formula, because in the case of a total eclipse the interval between moi 
and node must be less than 10 degrees.) The sine of latitude is ths 
calculated on the assumption of the moon’s greatest latitude amounting’ 
240', whence the proportion 

Radius 


21 x degrees 


240 x 21 x degrees 21 x deg rees 


\X (5- degr.)(5 + degr,) 


Multiplying this last expression by two, in order to find the whole 
duration of total obscuration, we finally have ; 

Minutes of total obscuration 


6, Within a time equal to the difference of half the duration of the 
eclipse and half the period of total obscuration the shadow swallows the whole 
moon.— The direction of the contact and the separation is to be determined 
by means of the degrees of the interval between the moon and the node. 

7, That direction is opposite to the direction of the moon’s latitude. 
Divide the quadrant of the moon’s circumference into thirteen parts, and 
from the east-point lay of the degrees of the direction of the eclipse (i. e., 
the degrees of the valana or deflection). At the point thus determined 
the parvan, i. e., the beginning of the eclipse takes place, 

8, Multiply the degrees of terrestrial latitude by a quarter of the 
moon’s circumference, and again by the degrees intervening between the 
moon and the zenith, and divide by 8100; the result is" the deflection 
(valana) which is north in the eastern hemisphere, south in the western one. 


, , A ru i e for calculating the socalled Mcsha valana, t. e the deflection 

. ... latitude (the ayana valana being altogether neglected)^ The rme 

<3Ue t0 stanza 8 for the aksha valana is based on the proportion : If J 
gl Tl distance mve a deflection equal to the terrestrial latitude, how much do 
T ; m deo’rees of zenith distance give ?-This is combined with the further 

^ gl fimi • If 90° <dve an arc equal to one quarter of the moon s eircum- 

f°P0 how much do the calculated degrees of deflection give ?-Tlm 

the nee of Action to he laid often the moons 

circumference is 

zenith list, x 1nt.it, x 1 circumf^ o f _ m o or, 

'.“"’T""" " "”90 x 90 = 8100. 'frqhp 

We do not know the reason for the direction-given in stanza 7- 
t„ divide each quarter of the circumference into thirteen parts. 

8 Dnrino a total eclipse dark yellow is to be declared the peonhar 
, ; , her colour is dusky in the ca* of eclipses taking place during 

of the moon ; and waterish in the e^e of partial eehpses. 

10. [A stanza of doubtful import ; see the Sanskrit Commentary.] 

/I n . Describe in one place 

tt e moon’s circle with a stnng aha third one,,,., 

!, (Ascertain) » 

long in-, at equal distances from one another. 

U This is a concise description of the projection of a 

the detail of which arc to ho k.mwn £» -P— ^ 

the complete obscuration and the uu.ation 
appropriate constructions. 

. r a +w moon is seen to touch the shadow of the 
14. In a lunar ec ipso same way she touches, in a solar eclipse, 
earth from the west-s.de; m the ^ of the moon is first 

the sun from the west-side ; hence are 

touched, but not that of the sum _ , + , w 

a general directions how to draw 

Stanzas IMS ““‘“““on the ground of the dksha valana previously 
the projection of a 

calculated. Compare the ^.anskrr ■ : . ; 


H5fti' t 



The greatest parallax being assumed equal to. the mean motion, 
during four nadikas, we thus hare : 


Desired parallax 


2 — 4. [Three stanzas of doubtful import.] 

5. Deduct twenty -six minutes from the io 
the degrees intervening between Rahu and the r 
thirteen, there takes place an eclipse of the me 
sun, if they are within eight. 


A stanza agrreeing, as far as lunar eclipses, are concerned, in contents 
and enunciation with stanza 2 of chapter VI. 

6. Deduct, in the case of the moon, the square of the degrees of 

the interval from 169, in the case of the sun from 64 ;• the square roots of the 
remainders minus their fourth parts indicate the duration of the lunar and 


* ** «*g rm vmwwm 


CHAPTER VII. 


Solar Eclipses, according to the Paulina Siddhanta.. 


1. As many nadikas as there remain until midday (from the time of 
conjunction), or as many as have elapsed since midday, have to be multiplied 


by six. The thirtieth part of the corresponding sine is the “bending” 
(displacement) of the tithi (L e.. the parallax in longitude). 


A rule for calculating the parallax in longitude. We ascertain the 
hour angle (multiplying the given nadikas by 6, six degrees going to each 
nadika), and establish the following proportion i 


Radius : greatest parallax = sin hour angle : desired parallax. 





270 x 2 x degrees _ 9 x deg rees 


(approximately), 


of the latitude so found, and assuming half the. sum of the 
u and shadow to be equal to 58 minutes, we find — in the 


Measure of half duration of eclipse =t/ 58 s -latit. 


decrees '* 


5 8 2 — --(degrees of interval)' = ^ 


|l/ 13 J — degrees' (approximately), 


In order to find from the latter expression 
eclipse in terms of nadikas, we multiply it t 
difference of the daily motions of sun and moon, 

^ « r 2x9x60 t/ 7 i z 

duration of eclipse — 11 


of a solar eclipse we find by an analogous process, and 
of the diameters of sun and moon to be equal to 


In the case 
assuming half the sum 
35 minutes : 


Measure of half the eclipse^ ^ 85*-- x degrees* 

deore 5 s = degrees* (approximately), 


pi =y 

And for the duration of the whole eclipse in nadik&s 


Duration 


| p/ 64— degrees' (approximately), 



Solar Eclipses, according to the Romaka SiddhAnta 


I. Multiply the ahargana by 150, deduct 65, and divide by 54787 
the result is the mean longitude of the sun in due succession (i. e. revolutions, 
sio-ns, etc.), according to the Romaka-SiddMnta, 


This rule follows immediately from the nature of the yuga acknowledged 
by the Romaka SiddMnta, as described in I. 15, Instead of — the 
reduced fraction is employed. Sixty-five is the kshepa— quantity 
enabling the calculations to start from the epoch chosen. 


2. The operation of finding the true places of the sun and the 
moon is performed by means of the quantities (about to be stated) measured 
for half signs of the anomaly of sun and moon, and arranged in direct as 
well as inverse order. Of the sun (the mean longitude) has to be deducted 
from half of Gemini, i. e., from two and a half signs. 


The Romaka Skldhanta calculates the equation of centre of the sun and 
moon for each half sign, i. e., progressing from 15 to 15 degrees. The six 
quantities thus obtained for the first quarter of the circle are employed for 
the second quarter in the inverse order and so on. — In order to obtain the 
kendra, i. e., the anomaly of the sun we have to take the difference of his 
mean longitude and of the longitude of his apogee, which is estimated at 2i 
signs = 7 5k < ■ . ■ ' Q : 


3. Twenty increasedin succession by fifteen, fourteen, ten and four, and 
diminished by six and fourteen are the minutes (which added up in succession 
give the amounts of the equation for 15“ 30° 45° etc). Eighteen and five 
seconds have to be deducted (from the first and second quantities) ; (to the 
four others) two, ten, sixteen, eighteen seconds have to be added. 

I . The six quantities indicated in the above stanza stand as follows : 



Anomaly 


Equation 


Anomaly 


I 15° 

30° 45° 

Equation- 


34' 42" 

88" 37" 98' 39" 













8. Multiply ilie ahargana by 24, add 56266 and divide by 163111 ; 
the result is the successive position (in revolutions, signs, etc.) of the head of 
Blhu {i. e., the moon’s ascending node), reckoning backwards from the end 
of Pisces ( = first point of Aries). 


Twenty-four revolutions of the node — whose movement is retrograde 
are supposed to take place in 163111 s&vana days. 


9. As many naciikas as there remain until midday, or else as many 
nadikas as have elapsed since midday, are to be multiplied by six. The 
thirtieth part of the corresponding sine is the displacement of the tithi, 
(i. e., the parallax in longitude), 


A rule literally agreeing with the corresponding rule of the Paulina 
SiddMnta (VII. 1), 


10. And from the nadikas which have elapsed since sunrise calculate 
the orient ecliptic point ; from the latter plus nine signs (i. e., from the point 
called vitribha or tribhona) ascertain the degrees of declination. 

A rule for finding the highest point of the ecliptic, the so-called 
tribhona or vitribha, whose longitude is less by three— or more by nine- 
signs than that of the orient ecliptic point.— In order to find the zenith 
distance of that point we have at first to determine its declination, 

11. Multiply the sine of the difference of the orient ecliptic point, 

of three and of the node by two, and divide by sixty. The result in degrees 
is to be deducted from the declination {calculated above) if the directions of 
rim two are opposite ; while the two are to be added, if the result (and the 
declination) have the same direction. 


' .12,;; } It . northern, (the declination bo .corrected) .'deducted 1 from the 
rial latitude— and, if southern, added to it— is to be .considered as the 
rn (zenith distance of the tribhona).; while if northern and greater than 
rrestrial latitude it is to he viewed as northern (zenith distance). 

A process preliminary to the calculation of the parallax in latitude, 
we. require— and what generally is ascertained in Hindu Astronomy 
it end is the zenith distance of that point of the ecliptic which has 
eatest altitude (which poiift is .called vihlbha or tribhoca) ; the siaa 



of which distance is tech- 
nically called drikkshepa 
(T Z in figure 6 ; in which 
figure AC is the Ecliptic, 
a e the moon’s orbit, and 
P'ZTD the projection 
of a great circle passing 
through the pole ot the 
Ecliptic, the zenith and 
the tribhona T, and cut- 
ting the moon’s orbit in 


The Romaka SiddMnta however makes the amount ot ^ 
of latitude to depend not on the drikkshepa but on the sme of t , 
to calculate this latter quantity it at hrst calculate T. T 
ascertained d T a e„ the interval between the tnbhona and the 
the following proportion is established 

Rad : sin greatest latit, of moon = sin d T . sin t T. 

The greatest latitude being assumed equal to 240' 

• , m 240 X 8mdT o • ( ] T. 


The resulting minutes are turned into degrees by 

To t T so found T Z ought to he added in order 
5e of t ; but instead of T Z there is taken LZ whn 
ttion of L and the terrestrial latitude. 

13. Multiply the daily motion of the moon 
! distance as found above), and divide by 18 
• tua mftan measure of the sun is 


-( 

■ ;:v: mrn4 


Kigncc-inriif 


k 


14. Multiply the sine of the distance of the moon, which (at the 
moment of conjunction) has the same longitude (with the sun), from the node 
by twenty-one and divide by nine ; take the sum of the result and of the 
parallax in latitude, if there is sameness of direction; and the difference of 
the two, if there is opposition. 

Rules for finding the parallax in latitude and the moon’s true latitude 
The -rule for finding the parallax is founded on the supposition that the 
greatest parallax is equal to the fifteenth part of the moon s daily motion • 
we therefore have the proportion 


Radius:; 


■ sin zenith distance of tribhona.: parallax 


■* IParallax — mofclon x 8 * n zen - 'd iat. 

15 x 120 


US li; 

ws) : '$ 


In order to find the latitude of the moon we at first establish the 
proportion 

Radius: sine of greatest latitude ( = 270')=given sine of moon’s 
distance from node : desired latitude. 


We therefore have 


T *4-U — 270 x Bin d istance _ 2? x sin dirt . gl x gin that. 21 x «in dtafc. , 

120 ~ 3x4 ~ JJiTTT- —T7T“ (approximately). 

27 



By increasing or diminishing the latitude so found by the parallax 
found above we obtain the true latitude. 

15. Multiply the true motion of the sun and the moon by their 

mean measure, and divide by the mean motion ; the result is the true measure, j 
in minutes, of the two bodies at the given time. ' j 

16. Deduct the square of the avanati (L e. the latitude of the moon 
as corrected for parallax of latitude) from the square of half the sum of the 
measure of sun and moon. From the double square root of the remainder 

V determine the time (of the eclipse), as in the ease (of the calculation! of X, 
^elapsed portion of a tithl. ' ' 



A rule for determining the duration of the eclipse. We at first take 
the right angled triangle of which half the sum of the diameters of sun and 
ffi oon forms the hypOthenuse, and the moon’s corrected latitude the perpendi- 
cular; the base of this triangle represents half the time of the duration, 
expressed in minutes of are. We then establish the proportion 

Minutes of difference of sun’s and moon’s motion : 60 nadiktis^ minutes 
of arc of duration of eclipse : nadikas of duration. 


deducted from half the sum of the measures of sun and moon, so many 
ahgulis of the sun know to be obscured by the moon. 

18. Describe the circle of the sun with half his diameter and mark 
off from its centre the true latitude, in its appropriate direction. From 
the end of that latitude describe the circle of the moon with half her 
diameter, and thereby show the amount of obscuration. 


In diagram 7 A is the centre of the sun, 
B that of the moon, AB the moon’s true latitude. 
The obscured amount D C is therefore equal to 
Sun’s Radius minus AD', which latter quantity is 
itself equal to the true latitude minus the Radius 
of the moon. Hence the obscured amount is equal 
dii minus the latitude.— The rule for delineating the 
18 presents no difficulties. 





Solar Eclipses according to the SCtrya SiddhAnta. 


According 
lotions of the sun i 
given ahargana 


to I. 14 the SArya BiddhAnta teaches that 180000 

ike place in 657 46575 days. Hence the sun perforn 


3800O0 rer x ahargana 
65716575 ~ 


which fraction reduced by 225 is equal to 


800 x ahargana 
292207 • 


The kshepa quantity -442 is introduced in order to enable 
start in the calculation from the epoch of the PafiehasiddhAntikA, viz. 
S*aka. About its calculation see later on. 


2. Multiply the ahargana by 900000, deduct 670217, and divide 
by 24589506 ; the result is the (mean place of the) moon. 


From the elements of the yuga of the Sfirya SiddhAnta as stated 
in the first chapter we deduce the number of the sidereal revolutions of the 
moon within that period, and thus obtain 2406389. In order to find the 
revolutions in a given ahargana we therefore should have to multiply the 
latter by 2406389 and divide -as in the ease of the sun-by 65746575 
These being however rather unwieldy numbers, 900000 is substituted for 
the former and 24589506 for the latter. The substitution involves an in- 
accuracy ; for— as appears from an exact calculation the steps of whmh Aib^ 
exhibited m the Sanskrit Commentary on the above stanza -the motion of 


900000 x aharg. 
24588508 

O'.yiv-J -A,; 


716163 x aharg . 
24580503 x 86718576 



introduced into the general rule ior Uncling 
provided for by a special correction, stated 
antity see later on, 

ia by 900, add 2260356, and divide by 
f the moon’s uchcba, 

that 900 revolutions of the moon s uchcba 
o Ascertaining therefrom the length of 


de moon s 
farther on. 


elutions of the moon by 51, and divide oy ^ 
xs seconds. — Also multiply the revolutions of t 
; v 5 ,i p hv 297; the resulting seconds are to De 


*• -t? r jriujohodw » *« . 

accoiUii^ | , | ■- | Sanskrit Commentary) six 

I*?* <*&** *» the general rule ’ 

ma “ " P , to bo deducted from the rnoc 

completed rt Ut • j f or each revolution 

that on the other hand m ’ scxc - 
the place of the moon’s apogee. 

5 . Multiply the alinrgaija by 270, add to > t — 

1834582 the result is the place of K4b» » re, ° « 1 

6 Deducing this from 18 sigus we have i 

the moon’s ascending node) : 

He the descending node;- The minutes 

Simeon (serve to calculate, the moons sat, 



The above rule for calculating the place of the moon’s node 
the assumption of 232226 revolutions of the node in a mahayuga ; f 
ease we have the proportion which may be reduced to 


l ne line stating the kshepa quantity of B&hu is too corrupt to lend 
itself to emendation ; we may however in this place state the principles 
on which all the kshepa quantities given in the preceding stanzas of this 
chapter are calculated. They of course all have the purpose of throwing 
the rules for finding the mean places into a shape enabling us to begin our 
calculations not from a very remote period — which would oblige us to use 
inconveniently large multipliers and divisors -but from the epoch of the 
Panchasiddhantika, viz., 427 S'aka. From tentative calculations it appears 
that the kshepas exhibited by Variha Mihira are calculated, not from the 
beginning of the Kaliyuga or the Mahftyuga, but from the beginning of the 
Kalpa. We therefore have to form the ahargana from the beginning of 
the Kalpa down to 427 Saka (cp. the Sanskrit Commentary and also Jour 
Asiat. Soc. of Bengal vol. LIII. 1884 p, 268 ff), and to treat that ahargapa 
according to the general rules for calculating the mean places. We thusfind 
that 42 - e Pk0e of the sun at the ©pooh of the Pafichasiddhantika was 
- ~ 29220 T ' But as the Shrya Siddh&uta makes all. its calculations fnr 



Tlie longitude of the sun’s apogee is assumed to amount to 80°, and 
the circumferences of the epicycles of sun 'and moon to 14° and 81° respect- 
ively. —The direction to put down the result in two plases seems due to the 
circumstance that it is employed also in the calculation taught in the next 
stanza. —What, in the latter half of the second stanza, is said about the 
hiooq’s equation, is valid for the sun’s equation as well. ■ 

9. Multiply the sun’s equation, which had been put down separately,, 
by the sun’s daily motion, divide by 21600, and treat the result in the case 
of the sun as in the previous process (Le., add it if the equation of the centre 
was found to be positive, and subtract it in the opposite case). Proceed is 
the ease of the moon analogously to. the operation in the ease of the sun.. 

A rule for calculating the so-called bhujantara equation, by means of 
which the places of sun and moon are found for- true noon.. 

10. From 53|- yojanas to the east or west (of the prime meridian) 
there results one nadika which has to be deducted or' added respectively. 

The above rule for allowing for difference of terrestrial longitude 
bases on the assumption of the earth’s equatorial circumference being equal to 


one nadika. 


the moon’s apogee. The mean motion ot tne moon lessened oy mat or me 
apogee is the motion of the anomaly.. From the latter the true' motion is to- 
be calculated. 

13. Multiply (the motion of the anomaly) by the difference of the 
sines of anomaly, and divide by 225 ; reduce the result (to terms of the 
epicycle). The arc of the result is to be deducted from, the mean motion in 
the six signs beginning with Capricorn, and to. be added to it in the six signs- 
beginning with Cancer. 

14.. The result is to- be known as the true daily motion at the time 
(which is thus ascertained) from the difference (of the places on two consecu- 
tive days) of the moon. — Multiply the mean motion by the Kadi us and divide 
by the true- motion ; you thus obtain the true hypothenuse. . . ■ . 



The process here described for finding the true motion of the moon is 

the same as the one taught in the modern Surya Siddhanta II. 47 49 ai)( j 

therefore requires no detailed elucidation. The “reduction” of stanza 13 
means that we have to multiply the result by the degrees of the epicycle and 
to divide by 360.— The rule for finding the variable hypothenuse is founded 
on the consideration that the more the motion decreases the more the distance 
(variable hypothenuse) increases. 


15. The true hypothenuse multiplied by 5347 and divided by 
gives the kaksM of the sun; the true hypothenuse of the moon multi 
by 3 gives the kaksha of the moon. 


By the term ' kaksM,’ which in later terminology (also in that of the 
modern Surya, Siddhanta) denotes the orbit of a planet, we have in the above 
rule clearly to understand the distance of the planet from the earth in yojanas. 
The rule thus teaches how to calculate from the true distance of the planet 

expressed in terms of the Radius— which was found in stanza 14 the true 

distance in yojanas (the later so-called sphuta-yojanakarna). The mean 
distance of the sun in yojanas is put equal to 5347, that of the moon to 360 


16. Take 5147080 for the sun and 333640 for the moon and, in order 
to find their (apparent) dimensions for a given time, divide those two quantities 
separately by the true distances in yojanas. 


A. rule foi finding the apparent diameters of sun and moon at a given 
time,— If we divide 5147080 by the mean distance of the sun in yojanas as 
given in stanza 15, we get 962.6 which according to the tenour of the rule 
ought tQ be the mean diameter of the sun. But 962.6 can represent that 
quantity only if it be divided by 30. when we obtain 32 / 5."2 lor the mean 
diameter, The rule for finding the true diameter then stands as follows: 

Multiply the mean diameter by the ipean distance and divide by 
the true distance ’ , . • 

i3w’V:W : W;\ ,w;v 3 p 962. 6 x,S S47 , __ 5147080 b : ' 3 ■' : 

. • ' * 30 x true diet. 30 true disfc. 

(the true diameter decreasing in the same proportion as the 

■ But for some reason or other the text— provided it fee correct— 
tiori tfee divisor 30.— The rule for finding the true diameter of the 
ogous., and we there' also miss the mention of the divisor 30. 



f he mean measure of the diameter is supposed to be —j-J. hence the true 


33 8640 

30 x true dist 


measure 


17. The degrees, which correspond to the time by which the end of 
the tithi is separated from noon, and which are calculated by the (times of) 
the rising of the signs in the right sphere— the signs being taken in reverse 
orc f er „ are, in the eastern hemisphere, to be deducted from the sun’s longi- 
tude, and to be added, in due succession, in the western hemisphere. 


18. That (which is thus found) is what is called the madhyalagna 
(,;. e . the point of the ecliptic on the meridian). Find the degrees of the arc 
of declination of that point, and either deduct them from— or add them to — 
the latitude ; the sine of that sum— or difference— is called the middle sine 
(madhya). 

A rule for finding the soealled madhya-jyi, i. e., the sine of the 
zenith-distance of the madhya lagna, i. e., that point of the ecliptic which 
at the time is on the meridian.— First the longitude of the madhya-lagna is 


19. Multiply the sine of the longitude of the lagna of the end of the 
tithi by the sine of greatest declination, and divide by the sine of colatitude. 
Multiply the result by the sine of the zenith-distance of the point of the 
ecliptic on the meridian (madhya-jy^) and divide by Radius. Square the result. 

20. Deduct it from the square of the madhya-jy&, and put the 
difference down in two places. Take its square root ; thus you obtain what 
is called the sun’s dxikkshepa (i. e. the sine of the zenith distance of the 
tribhona lama). For better remembrance sake put it down separately. 



22. From the square, which above had been put down 
deduct the difference of the squares of the soealled angulis of al 
Radius ; take the square root of the remainder, multiply it by 
divide separately by the distances of the sun and the moon. 


23. From the difference of the degrees (of the ares corresponding 
to the two last results) (ascertain the true end of the tithi), in the same way 
as in the case of the tithi (i. e., in the same way as the past and the remain- 
ing part of a tithi is ascertained) ; with the end of the tithi (so found) perform 
again the same operation. The time ascertained is thus to be inquired into 
(i. e., tested and corrected), until no difference remains. 


B x sin great, declin. x sin 


sin great, dedip. x sin 
sin colat. 


By multiplying the sine of amplitude thus found by the ma 
(Z L) and dividing by Radius we obtain the sine of that arc of the 
(T L) which is intercepted by the meridian and the vertical circle 
through the nonagesimal (T). From this and the madhyajyi— and 
the small spherical right angled triangle TLZ like a plane triangle- 
the drikkshepa (T Z) i e., the sine of the zenith distance of the nona. 
By deducting the square of the drikkshepa from the square of the Rat 
taking the square root of the remainder we obtain the cosine of the dril 
(T D) i. e., the sine of the altitude of the nonagesimal. From this 
the ssanku, i. e., the sine of the sun’s altitude (mG ; m being the place 
sun) by means of the proportion 

Radius, sin altit. nonag. ~ distance of sun from lagna : sin alt 
Deducting the square of the latter from the square of the Rac 
obtain the square of the sine of the sun’s zenith distance (m Z). We 
from this latter square the souare of rim rlrilriri £>-nc» /*/. nn\ j-i, . 



The sine of the greatest vertical parallax peing equal to me pro 
of the earth’s radius and the tabular Radius, divided by the planet’s dista 

and the abridged diameter of the earth being equal to 36 (about which 

later on) we have 

sine great, parall. = 

We thus have 

^sin great, parall. 


; 18 xR 

distance of planet* 1 


Sm l m M n— > 

Sine of parallax in longitude = sin ma= 

sin m M x sin L m M n IS x sin Z m ein £m M a 
■ R ' " "dist. plan. . R ' 

- SE_ZFxR_ 18*n|F as j n fhe text. 

~~ dist plan. xB sin Z w dist. plan, * 

In this manner the sines of the parallaxes in longitude are found 
separately for sun and moon. Thereupon the corresponding arcs are taken, 
and from their difference the correction is ascertained which has to oe applied 
to the time of the conjunction. This is done by multiplying the difference 
by sixty, and dividing by the difference of the motions of sun and moon. 



24. Multiply the drikkshepa— derm 
and divide by the true distance of the si 
the arc of the difference of the two results r 
whose direction is determined by that of the 

25. By means of the 
moment, and add it to- 
the result is i * 
duration of obscuration 


p-ea rrom the same time-— -by is 
sun and the moon ; the degrees o 
represent the parallax in latitude 
! madhyajya. 

sines calculate the latitude of the moon for thal 
,, , or deduct it from— the parallax found above • 

the true parallax m latitude. Then you may declare the 
according to the dimensions, 

A rule for calculating the parallax in latitude. The proportion is 
Kadius : sin greatest parall. = drikkshepa : sin desired paraD. in latit. 

A Sin desir. paralL = lih£iii£i^!hSPS— 18 x drikkshepa mi 
no comment. E * true dist - 'truest. • 1 116 remainder requires 


26. Deduct the square of the avanati from the square of half th, 

sum of the measure of sun and moon. Prom the double souare root of the 
remainder determine the time (of the eoIfosM ««, 3 / 0t ot tbt 

lation) of the elapsed portion of ** ° Me ( ° f the cal - 

Compare chapter VIII, stanza 16. 

. , '^ le c ^^* erence of the displacement of the tifh? /■/ » 

m ongitude) as calculated for the beginning of the eclipse and of the halfoW* 
tion (gives the true half duration of the eclipse) - if fL » ?• ! , , d 

the western hemisphere, the parallax has to be 'added. * 

Z^T er ^ duration 







( 64 ) 


2 b. Divide the sum of the diameters of the moon and the shadow 
by 2, and take the square (of the quotient) ; 






1 


3. Deduct therefrom the square of the latitude, and take the 
approximate square root. Multiply the latter by 120, and divide by the 
difference of the motions of sun and moon; the result are the p&dilr L 0 f 
the duration of the eclipse. 

4. Calculate therefrom the latitude of the moon at the moment 
of first contact, and therewith again, in the manner described above, the 
duration of the eclipse. Repeat this operation again and again, until there is 
no longer any difference with regard to the duration. 

A rule for calculating the duration of a lunar eclipse. At first we 
calculate the socalled bhuja, which is one of the sides of a right angled 
triangle, of which the hypothenuse is formed by the sum of the Radii of 
moon and shadow, and the other side by the latitude of the moon at the 
moment of contact. As however that latitude is not yet known, the 
moon’s latitude at the moment of conjunction is substituted for it. 
Thereupon a proportion is established * 

Minutes of difference of motion of sun and moon: 60 nadikas — minutes 
of bhuja : half duration of eclipse 


..Half duration: 


• ^ x 
minute* ol diff. 


r ff > and 




Duration = 4^^- 

minutes of difiL 


As we now know the longitude of the moon at the time of the first 
contact, we calculate the latitude for the same moment, and therewith again 
determine the bhuja and the duration. This process is repeated, until the 
results no longer differ. 

5. Multiply the difference of the motions of sun and moon by 
the given nadikas, and divide by sixty. Take the difference of the minutes 
of that (result) and of the minutes of duration (as. calculated above), and - 
further take the latitude of the moon at the given time ; ■ 



6. Deduct the square root of the sum of the squares of those two 
3 S from half the sum of the measure, expressed in minutes, etc., 
moon and the shadow. The remainder indicates the part of the 
the sun which is obscured at the time. • 


A rule for finding how large a part of the moon (or sun) is obscured 
at a given moment. — W e calculate for the given moment the bhuja and the 
latitude of the moon ; the square root of the sum of the two quantities, is 
the distance of the centres of shadow and moon at the given time. The 
difference of this latter quantity and the sum of the Radii of the two 
bodies indicates the amount obscured. — Mutatis mutandis the same rule 
may be used for calculating how large a part of the sun is obscured at a 
given moment of a solar eclipse. 


b : 7. Take (1) half the difference of (the diameters of) the eclipsed 

and the eclipsing bodies, and (2) the latitude ; multiply the square root 
of; 'the difference of the squares of those two quantities by two and treat 
it in the manner of the tithi. The result is the time of complete obscuration 
of the sun and the moon. o cy-P 'P-- c; y.P-- 


• The above rule for calculating the time of complete obscuration is 
analogous in every way to the rule — given above — for finding the time of the 
duration of the eclipse, and therefore requires no special comment. 



(On the projection of eclipses according to the Sum Siddhanta), 


1. By means of a staff, on which the ahgulis are marked, describe 
a first circle with a Radius equal to the sum of half (the diameters of) the 
obscuring and obscured bodies, and mark on it the different directions. 
Describe a second circle with half the diameter of the obscured body. 

2. Multiply the sine of terrestrial latitude by the versed sine of 
the degrees intervening between the moon and the zenith ; add the degrees 
corresponding to the 120th part (of that product) to the north or south 
respectively in the eastern and western hemispheres. 

3. Add three signs to the longitude of the moon, and treat the 
corresponding degrees of declination according to their direction. Thus the 
east- west direction is ascertained; the north and south points are to be 
determined therefrom by "means of a fish-figure. 


6. On the horizon two minutes (of the diameter of some heavenly 
) go to one ahguli ; while three go to it (when the heavenly body is) 
.e zenith. It the body is placed between (the horizon and the zenith), 
oportionate calculation is to be made, to the end of bringing about 



CHAPTER XII 


Paitauaha Siddhanta. 


1 According to the teaching of PMmaha five years constitute a 
the sun and moon. The adhimasas are brought about by thirty 
and an omitted lunar day (avama) by sixty-two days. 

9. Lessen the time of the Shka king by two, and divide by five ; 
e remaining years form the aliargana, which begins with the lig 
Miigha. The aliargana begins with the day, viz., from sunrise. 

ln the quinquennial lunisolar yuga of the PaMmaha siddMnta 
limasa is comprised within each period of thiidy _ sokr^, and 
ima , l e., omitted lunar day within each period of sixty-two days. 

According to Stanza 2, which directs us to deduct two from the num- 
elapsed sSka year, a new yuga began with 2 S'aka elapsed. 

If the aliargana is increased by its own sixty-first part, the 

th tithk if it is multiplied by nine and divided by 122, the 

is the "nakshatra of the sun. Multiply the aliargana by 7 divide ^ 
,WW. (the result from the ahargapa) ; the result is the lunar 


revolves in one yuga five times through the twenty- 
nakshatras through which he passes during a giver 

a 9xaharg.. 


As the ib ooii passes hi one 
^uprising 67 sidereal revolutions 



CgA The nakshatras are to be counted from DhanishtM, in which sun and 
moon are in conjunction at the beginning of the yuga. 

4 a. [See the Sanskrit Commentary 1. 

4 b. Multiply the ahargana by 12, and divide by 305 : the result are 
the vyatipatas. 

A rule for finding how many of the yogas called vyatip&tas have oc- 
curred within a given ahargana. There are 27 yogas which are calculated by 
dividing the sum of the longitudes of sun and moon by 27. At the begin- 
ning of the quinquennial yuga sun and moon are in conjunction at the begin- 
ning of DhanishtM or — which is the same — at the end of Sravana. The 
longitude of each therefore amounts to 22 nakshatras— if we count in the 
ordinary way from Asvini — , and the sum of their longitudes to 44 nakshatras. 
Forty-four being- divided by 27, the remainder (=17) indicates that the yoga 
at the beginning of the yuga is the 17th of the series, i. e., Vyatip&ta. Now 
in one entire yuga the accumulated longitude of the sun amounts to 5 x 27 
nakshatras, and that of the moon to 67 x 27 nakshatras ; hence the sum of 
the two to 72 x 27, Dividing this sum by 27, the quotient 72 indicates how 
many vyaiip&tas take place in one yuga. Hence the proportion 

1830 (=days of yuga) : 72 = given aharg. : x — 

„ . 72 x aharg. 12 x aharg. 


5. Add to 732 those days of the northern progress of the sun 
which are passed, and in the ease of the southern progress those days which 
are yet to come ; multiply by 2 and divide by 61 ; the result is the measure 
of the day minus twelve. - 

A. rule for finding the length of any given day of the year. The 
supposition being that the length of the shortest day is twelve muhArtas, 
and that of the longest day eighteen muhurtas, and each ayana comprising 
183 days, the length of any day of the year is found by adding to twelve 
the product of six and the number of the day, divided by 183, In the 





On THE CONSTITUTION OF THE UNIVERSE 


l The round ball of the earth, composed of the five elements, abide. 

» sp ace in midst of the starry sphere, like a piece of iron suspended between 

nagnets ; 

, Covered on all sides with trees, mountains, towns, groves, rivers, 
)C eans and other things.-In its middle there is Snmeru, the abode of the 
2. Below (i e. at the pole opposite to Mere) there are placed the 

Asuras. 

s. As the reflections of men standing on the brink of water ta-e 
seen with the faces downwards, so the gods consider the eon non o 
Asuras to be ; and those on their part deem the gods to be below. 

, t„„* „* hove in the reeion of men the flame of the top rises up- 

lien being thrown fails to the 

don of the Asuras. 


wards into the air, and 
earth ; so it also happens 

• 5 Straight above Mem in space one pole is seen ; the other pole is 

seen below, placed in space. Fastened to the poles the sphere of the star, 
is driven round by tbe pravaha wind. 

6 Others maintain that the earth revolves as if it were placed in a 
revolving engine, and not the sphere ; if that were the case, falcons anc o 
Twinged creatures) could not return from the ether to their nests. 

7 And to mention another argument, if the earth revolved in one 

r', . ’ ; wmild owing to the quickness of the devolution, 

day, l^h If«» earth, on the other hand, moves 


e 



9. For the gods the rising sun, when at the first point of Aries, 
revolves to the right, moving in the horizon ; at Lanka he then revolves right 
overhead ; and in an opposite direction (viz. to the left in the horizon) for 
the Asuras. 


10. At the end of Gemini the sun revolves for the gods at the 
height of 24 degrees above the horizon, while, at Avanti he then moves right 
overhead. 


11. In the same place there is then no shadow at noon) while the 
shadow falls towards the north for all who dwell to the north of Avanti, and 
to the south for the inhabitants of the countries south of Avanti. 


12. Those who have maintained that for the gods dwelling on Meru 
it is day as long as the sun stays in Aries, Taurus and Gemini, but night 
when he is in Cancer, Leo and Virgo, to them reverence is due indeed ! 

13. In the very same places, in which the sun goes to the north from 
Aries, he moves when returning from the north ; how then should he be visible 
at one time and invisible at another, while all along he is in the same reo-ion ? 


14. In the visible half of the sphere there are three signs, extending 
trom the middle of the sky (down to the western horizon) ; they contain ninety 
degrees. The same divisions are to be assumed from the rising (i. e. the 
eastern horizon, up to the zenith). 

:* k V ,,ir i ^ ; .V' 1 . ' ■ • ’ ' 1 ■ ’ ■ 

15. One degree answers to nine yojanas minus one ninth of a 
yojana (on the earth) ; this fact is manifest to those, who dwell on the same 
meridian,. frPm the deflection (of the heavenly bodies) from the zenith. 



of) eight 
• another 


lere is effected by ninety degrees (a difference < 
vVhat is sunrise for one observer is noon (for 
distant to that extent. 


of the earth being equal to 3200 yojanas, 
egree, and 800 yojanas to 90 degrees. , 


circumference 
esnond to one 


to Lanka, being situated to the north on tne 
i of the two places occurs at the same time ; 
n length) with the exception of the equinoctial 


18 Three thousand two-hundred yojanas are the measure (of the 
eircumibrenee) eft he earth. The sue when at the equinoctial pomt revolves 
round so much of the earth from Mem as centre. 

The sun when moving in the celestial equator revolves round the 
terrestrial equator, of which Morn is the pole. 

, « Gome- 586| yojanas north from Avanti we reach the middle of 
the earth (Mere)” so also by going 800 yojanas to the north from Lan a. 

e, is therefore 66° from Meru. The 
.pie proportion. 

y degrees as the pole is raised above 
;« depressed from the zenith to the 


Ujjayinl has 24 northern latrau 
distance in yojanas is then found by a sir 

20. In any country, by as mai 
the horizon, by so many degrees the sun 
south on the day of the equinox. 

21. If we go 373-| yojanas north from Ujjayinl, this wh 

(as described above) comes to an end. 

22. There the sun is once seen for 60 nddMa aftm- ta r, 
farther (we proceed towards the north), the longer (the day 

at Sumeru we have a day six months long. 

We find by an easy calculation that going 37 y^anas 
Vjjayinlwe reach k northern WH , t 

Gemini — whose northern dechnatron amounto to 24 ^ ^ 

wWrtli Is raised in its whole extent abo 



has reached, the end of Gemini, hence remains visible for 
nadikas. In that latitude therefore the sphere becomes 
sphere described hitherto. At Meru six signs revolve e< 
horizon, and the sun is therefore constantly visible as long 
sis signs, i. e., for six months. 


23; If we go 403-g- yojanas to the north of Avanti, th 
Sagittarius and Caper never become visible. 


signs 


24. If we go from the same place (i. e. Avanti) 
482 yojanas to the north, Scorpio, Caper, Aquarius a 
rise. 


25. And if we go 586— yojanas (to the north of Avant: 
half of the sphere (Libra to Pisces) never rises, while the former 
to Virgo) never sets. 


The above statements base on the assumption that Sagittarius am 
Caper do not rise above the horizon in 69°24' northern latitude; Scorpio am 
Aquarius in 78° 15' northern latitude ; and the whole latter half of th 
ecliptic in 90° northern latitude. 


The corresponding yojanas of distance from Avanti are easily found 


by proportion. 


26. The people at Lanka see the polar star in the ho. 
Meru in the zenith ; those dwelling between see it between ( 
the zenith). V 


27. For those who dwell on the back of Meru the si 
remains visible for six months, while he moves in the six signs h 
Aries ; for the Asuras he is visible as long as he is in the latte: 
ecliptic). 


28. I or them {viz. the gods) the first point of Aries con star 
ecliptic point on the horizon ; and the clreshkana as well as the t 
the (so-called) ninth part and twelfth part all belong to Mars. 

Sihwhddo tA wwy.' .’IVVO.- tti t : - A"- \ 1 : 

V . a, - t w ^ ' • 1 \ . 1 , ■ ' ' 1 • , , 

Mam being, in astrological parlance, the Lord of Aries, all 





29 Beneath the equinoctial circle is Lahkd ; there the sphere is right 
Day and night there are always of the same length, viz., 30 nWikte. 

to Having, by means of water, levelled a raised surface, on which 
tta directions are marked, and having placed on its southern side a gnomon 
of the same measure as the surface ; v 

31 The observer, placing his eye at the base of the straight gnomon 
.to incline it in such a way, that the top of the gnomon » » the stra. g hthne 
joining the eye and the pole star. 

32 At Lanka this observation is performed with a gnomon lying flat 
on the surface, on Sumeru with one standing upright, and m the intermedia 
regions with one inclined more or less. 

33 ' 

j taeTA he gnoinon-which indicates the north-south line-represents the 
sine of colatitude. - ; . . v • : |g ¥]| . 

34 By such means the learned confidently determine the centre of 

the earth or the measure of the whole earth, just as we ascertain the taste 

(of all salt) by drinking a little water maxed with salt 

A method &r determining the elevation of the pole above the horison, 
h e., the terrestrial latitude, and similar matters. 

■« Of the moon which is constantly placed below the sun one half 
is illumina tetchy the sun’s rays, while the otherhalf is obscWhy the m»ns 
own shadow ; as is the case with a jar standing m the sun bgl. 

, s T!ie ravs of the. sun, being' reflected from the moon which eon- 

western side of a jar is. lit up. .. ■ : , 

' ... This holds good from the end ofthe dark nf Mose 

dark part of tL leases ta the end of the bght forinight-Those 



§iii 



n the back of the moon see the sun during one half of each lunar 
since there is no shadow (obscuring the sun to them) to the extent 
igns on each side (of the conjunction). . 'hhg : :; ; y 


89. Above the moon there are Mercury, Venus, the Sun, Mars 
J upiter and Saturn (in succession), and then the stars. All planets move to 
wards the east with the same velocity, each in its own orbit. 


40. As the interstices between the spokes of an oil-press are small 
the nave and large on the outer' circumference, so the distances of the sis 
from each other become larger and larger, the higher we ascend from the ear 


42. The planets arranged in the ascending order upwards frc 
moon are the Lords of the months (in succession) ; in their descending 
downwards from Saturn, they are the Lords of the hours ; if we tak 
fifth member of the ascending series we have the Lords of the days. 
Lords of the years are clear (as explained in the first chapter). 


tiS# v: 


CHAPTER XIV, 



On Astronomical Instruments, Observations and the Lie®, 


Draw upon the ground a level circle with a diameter cue hundred 
ifigulis long, and mark upon its circumference the signs (degrees, 
d distances^ and also the degrees of declination (of the signs). 


Further describe from the centre (of the first circle) three other 
no- for their Radii the strings -running (at right angles) from the 
r 'marks the north-south line, to those points on the circumference 
circle where the degrees of declination (of the signs of the 
marked • and mark those circles with the degrees, as you did with 



Qbo>u«ao waxsxi. uuw vu lulu, bue iisu^uaiuiiai umerence tor any 
given latitude without calculation, by the mere inspection of a kind of diagram. 

Fig - 9 ‘ —In diagram 9NESW. represents the 

first circle whose circumference is sup- 
posed to be divided into 360 degrees. 
//' ^nN. We further mark off on the eircumfer- 

/ f ence the degrees of declination of the 

/ / V V first three signs pf the ecliptic, the de- 

// i \ clination of Aries = Wa' that of Taurus 

N | | 1 _ £ g | C \_j s = Wt', that of Gemini = W g'- and then 

I 1 / 9 A Ji draw the perpendiculars a' a, t't ,g'g 

\ V| V & I I on NS. Taking these perpendiculars 

\ V yA / ! as Radii, we describe from the 

jNLXf / / centre C three circles (of which the 

d' a" diagram however represents only one, 

viz., that one whose Radius = a a'). 
W We then lay off from N the degrees of 

the latitude of the given place = N P, draw the perpendicular P 1 and join P C. 
Comparing the similar triangles P C 1 and d C a we establish the proportion 


Cl ( = sine of colatit. given place): PI (=sine of latitude) = Ca 
sine of declination of Aries): ad (= ascensional difference for Aries). 


Doubling a d and applying it as a chord (d' d") to the day circle of 
Aries, we take — from an inspection of the degrees marked on the circumfer- 
ence— the degrees of arc corresponding to half that chord and, in order to 
turn them into vinadikas, multiply them by ten (one degree =$ nMiH=10 
vinadikas). — In the case of Taurus and Gemini the vinadikas come out mixed 
i. e., the result gives us the sum of the vinadikas for Aries 4- Taurus, and for 
Aries + Taurus + Gemini, An appropriate subtraction then furnishes the 
desired result. 


5. Multiply the given nidiHs by. six; they are thus turned into, 
rees. Take the versed sine of those degrees and deduct it from the 
tms ; there remains the shadow. Thus there is found the shadow up to 
in. In order to find the n&dikas, lessen the Radius by the shadow. 



6. Take the sixth part of the degrees of arc corresponding to tne 
of the interval between the end of the shadow and the horizon ; that 
part represents the elapsed n&dMs in the eastern hemisphere, those to 
! in the western hemisphere. ; 

The above stanzas teach a rough process for ascertaining, from the 
, altitude, the length of the shadow, and vice versL In . the ■. &* place 
sine of the sun’s altitude at a given moment is roughly identified wit 
sine of that arc of the day-circle, which the sun has described up o a 

lent * hence the direction to turn the elapsed nadikas into degrees. 

Fig. 10. then construct an artificial sphere, 

S . as in figure 10, in which e e is the 

\ height of the gnomon, we know 

Ns V nr the triangle b c f the side f b= 

V X: sine of sun’s altitude; and by de- 

e 'v ductinsr a b — which is the versed 


{ — 1 — - — — 1 d the desired shadow is now 

to be equal, the two hypotenuses c f and d e-which in reality me 
sun— -being looked upon as parallel 

7 Take that line which constitutes the east- west line corn 

to the oblique line, and the north-south line ^“^^7 
nation- the degrees of the corresponding arc, multiplied by te , 
vinitdikts of the rising of the signs in succession. 

A rule for finding, by the inspection of a diagram or globe, 
of the risino of the individual signs of the ecliptic on the 
is rather obscurely worded; it however appears that by the ob hq 
have to understand the sine of one, two, ete. signs o « “ ? ' 

71„th line is the sine of the declination of the end point of the 
”7 ne e sXe then is the other side, at right angles to toe n, 

lints and represents the socaUed udayajy. vrinto m a iiegment of toe 

described by the end point of the sign of the ecliptic. 

PV-h decree of the corresponding are represents t 

^ \jl' v i "Urr i a therefore give the viii&dik&s of 
dikis ; the degrees multiplied by 10 tkerelore gi ^ __ 

— ~ i n B taB 2 a 5 m the of 'versed nine? 

— * “The context obliges m to bake 



8. A stanza of doubtful meaning.— If the restoration of the text 
attempted by us is right, the. stanza directs us to ascertain the zenith from 
the fact of the gnomon throwing, at a certain time, no shadow Cp. the 
Sanskrit Commentary. 

9. 10a. Lay off the shadow (from the centre) towards the north, 
and place the gnomon at the other end of the shadow. Draw from the centre 
a line parallel to the hypothenuse up to the circumference. The distance of 
that (i. e. the point of the sphere thus marked) from the zenith is the latitude- 
In the same way the shadow may be determined from the latitude. 

A reference to diagram 10 will render the above processes intelligible. 

106. 11. Having ascertained, for the given day, the declination of 
the sun— which is , either greater than the terrestrial latitude or less than it— 
place its sine between the ecliptic and the equator; in which degree that sine 
intersects the ecliptic, to that degree know the sun to be equal in longitude, 
according to that part of the sphere (in which he is at the time). 


moon 




14 15. Mark three times, trom me centre, we tow uic 
shadow, and then describe two fish-figures. Thereupon describe a eirele, 
taldno- for Radius a string, that is fastened to the point in which the two 
strings issuing from the heads of the fish-figures intersect, and that is so 
lono'°as to reach the three points marked. On the given day the shadow of 
thegnomon moves in that circle, without departing from it. -gh 

16. The line joining the centre of that circle and the base of the 
gnomon is the south-north line ; and the interval in the north direction, 
(between that circle and the gnomon) is the midday shadow. 

A rule for finding the path described by the extremity of the shadow, 
based on the (erroneous) assumption that that path is the arc of a circle. We 
mark the extremity of the shadow at three different moments of the day, and 
ii, thus obtain the points a, b, c (fig. 11)- 

tV In order to lay a circle through these 

\ , 1/ three points, we describe from a and b 

\ the fish-figure d e, and from b and c 

yf\j the fish-figure f g; the point h in 

\ /7 e c / which the cords d e and f g 

\ \ \ / meet is the centre of the desired 

\a /7 \ \ \ / circle.— It is then easy to show that 

fj j \ \ the line joining h and g (i. e. the 

{ ^ / 6 1 foot of the gnomon) is the meridian 

\ / line, and g 1 the midday shadow. 


■ 17 ‘Horizon’ we call that (circle) in which the sky is joined as it 
were to the earth ; we draw in it even east-west and north-south lines. 

18 The interval between the pole and the horizon is the terrestrial 
, ■, a A rt„ difference of the latitude and ninety (degrees) is called 

“«:rirae“i «***«*»• **.. *». 

is what intervenes between (the sun’s eto.) rising and setting. 

Ma ke, for the purposes of observation, a circle with marks 

, , A 0 f rising of the signs of the ecliptic) m reverse order, 

(mdicatmg the m4 1 y V Mart the centre and place the circle on even 
and indications of the - of the riven latitude. 
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20. (Mark the place touched by) the shadow of the crossing of the 
two strings, (i. e., of the centre of the circle.) Add to the place of the sun the 
degrees which the sun has passed through (at a given hour of the day) ; you 
thus obtain the sign which at that hour rises in the east. And also, the elapsed 
n&dikas of the day (may be calculated from those degrees). 


The circle is to be placed in the plane of the celestial equator. The 
observation of the places at which the shadow of the centre pin touches the 
circumference of the circle at different hours of the day informs us through 
how many degrees the sun has passed in the interval ; whence we calculate 
the ecliptic point on the eastern horizon, and the time of day. 


21. 22. Take a circular hoop,, on whose circumference the 3.60 degrees 
are evenly marked, whose diameter is equal to one hasta, and which is half 
an anguli broad. In the. middle of the breadth of that hoop make a hole. 
Through this small hole made in the circumference allow a ray of the sun at 
noon to enter in an oblique direction. The degrees, intervening on the lower 
half of the circle between (the spot illumined by the ray and) the spot 
reached' by a string hanging perpendicularly from the centre of the circle, 
represent the degrees of the zenith-distance of the midday sun. 


An easily intelligible rule for finding, by observation, the sun's zenith- 
distance at noon. 


23. Make, of some material, a delicate sphere well rounded on all 
sides. On its periphery mark (the end points of) two lines called the lines 
of the portions of time (k&labhoga), which answer to the points where the sun 
stops (viz, at -the solstices). 


24. Mark (between those two lines), according to observation, on both 
sides of the first point of Aries, the degrees of declination (of the different 
signs), by means of which oblique observations, are to be. made. 



. 25 - Raise this globe towards the north, to the extent of the degrees 
of latitude of the given locality, and take th.e nadik&s intervening between the 
(point of) oblique observation and the (corresponding point on the) horizon. 
Those are the elapsed nacjikas of -the day ; multiplied by six they give the 
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The above is a somewhat free rendering of what we suppose to be the 
Fi S- 13 - meaning of the text, the construe- 

- Z --. _ tion and phraseology of which are, 

N, at the best, particularly involved 

ysT and vague. The accompanying 

/ \ \h\ \ / \ diagram shows a projection of the 

/\ \. \y yX / \ sphere on the plane of the meridian 

/v\\^\X\ \ (H P Z H' P), H H' being the 

I ^\\ \ _\. X^ H horizon and P P' the poles of the 

H '|" #\. \ N/\ XXX\ sphere. We ascertain on the cir- 

\ XJ>\X v n. \h\y\ / cumference of the sphere the points 

\ ./ \\ N. \y B and B ; , in which the sun rises 

\ yX \ XX\. X, y and sets on the days of the two 

pXf Xx\X. X/ solstices, and draw the day-circles 

\ in which the sun moves on those 

~ ® days. Between those two dav- 

eireles we then draw the day-circles in which the sun moves when entering 
each sign of the ecliptic (and, possibly, as many more intervening day- 
circles as there is room for). We then, at any given moment, ascertain, by 
observation from the centre, the place of the sun in his day-circle,/ i. S and 
take the nadikas or degrees— which are to be considered as marked on each 
day -circle — intervening between the place of the sun, and the intersection of 
the day-circle and the horizon (/ i. between S and T). A mere inspection 


As long as, in the rising sphere, there rises that part which be-, 
he east point (i. e. the first point of Aries), there takes place an 
;he day ; while in the opposite ease a decrease takes place. — Prom 
een explained, the remaining points (not expressly referred to) 


27. The fundamental arrangements of all instruments depend on 
, water and bits of earth. By means of them one. may make on a 
irfaee instruments shaped like a tortoise, a man and so on. 


28. The teacher is to communicate those things (only) to a pupil of 
steadfast mind ; and the pupil after having learned them is to make his 
mechanical contrivances in such a way as to keep them secret from his own 
son even. 






nm 




, , 


, 29 ■ 30 - Let t3ie astronomer observe (the position of the moon) i n a 
given locality, (at that time when, according to calculation, full moon take*' 
place on the prime meridian on the equator). Let him divide the observed 
difference of degrees in the manner of the tithi. The resulting time is to be 
deducted (from the time of full moon at Lanka) in the case of the degrees 
being more, and to be added in the case of their being less. Let him increase 
the result by the time of ascensional difference, when the sun is in the six sio- n s 
beginning with Aries, and diminish it by the same, when the sun is in the 'six 

signs beginning with Libra. In this way he ascertains the difference in longitude. 

While there can be hardly any doubt about the purport of the above 
stanzas, their wording and construction are obscure, and the translation there- 
fore merely aims at rendering the general sense.— The rule teaches how to 
ascertain the longitude of a given place by an observation of the moon at 
the hour when— according to astronomical calculation— full moon takes place 
at Lanka. We are directed to find at that time the degrees of interval be- 
tween the moon and the sun, according to the method taught above in stanza 
12 ; if those degrees are more than 180, the given locality is to the west of 
the prime meridian; if less, it is to the east. From the degrees of interval 
the difference of longitude in time is calculated proportionally ; and finally 
an allowance made for the ascensional difference. 

31. The sixtieth part of so much water as within a nychthemeron 
escapes (from a vessel) through a given aperture fixes the duration of one 
nMika ; or else one hundred and eighty respirations of a man. 

32. Make a copper vessel shaped like the half of a jar, and pierce a 
hole in its bottom. Place it in a basin filled with pure water; when it has 
become full of water, a nadiki has elapsed. On account of the smallness of the 
bottom (0, the hole has to be made in such a way that sixty immersions take 
place in one nychthemeron. -Or else a nadM may be measured by the time 
m which sixty Slokas, each consisting of sixty long syllables, can be read out. 

Hie above three stanzas are clear, with the exception of one line in 32 

which is not very perspicuously expressed.— It will be observed that stanza 

oi consists of 60 long syllables, and thus constitutes a Sloka such as — accord- 
ing to Yaraha Mihira — may be recited in the sixtieth part of a nadika, 

H av i n g ascertained the latitude of the moon and observed the 
distance of the moon from the fixed star, and having made the requisite 

I calculations one may then declare the conjunction of the moon with the star. 

ALIA--,. . ■ L L. 
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84. (The yogatari, i. e., juaetion-star) ox imttika is at tne end. or me 
sixth, degree (of the nakshatra), and three and a halt hastas to the north o i 
the ecliptic ; that of Rohini is at the end of the eighth degree, and fire and 

a half hastas to the south of the ecliptic. : V 

35. The two stars of Punarvasu are at the eighth degree, and to the 
north and south of the ecliptic at an interval of eight hastas ; the star of 
Pnshva, is at the fourth decree, three and a half hastas to the north. 


The above stanzas contain the .statement of tire iongiraa.es auu lati- 
tudes of the socalled yogatMs of some nakshatras. The longitude has to 
be reckoned' from the beginning of each nakshatra, i. e,, twenty-seventh part of 
tile ecliptic. The latitudes are expressed in angulis of which twenty-four go 
to one hasta, while the diameter of the moon— whose mean value is thirty- 
four minutes— is divided into fifteen angulis, In order to express the dis- 
tance of the star from the edge of the moon in angulis, seventeen, 4. e., the 
moon’s radius is deducted from the distance in minutes (taken from the moon s 
centre) and the remainder turned into angulis by means of the proportion 


By means of the latter calculate the ecliptic 
from the beginning of Cancer ; when the sun 


40. 41. 

eastern horizon 



point, the rishi Agastya becomes visible — by means of instruments constructed 
on mathematical principles— beautifying the southern region as a mark 
beautifies a lady’s brow. — Gratified are the minds of men by this divine 
knowledge based on time. 


A rule for calculating the time of the heliacal rising of Agastya 

lg ' (Canopus) 

E A z in a given 

\ v latitude. In 

\ order toes - 

\ \ plain its ra- 

\ \ - — - — " ^ tionale, we 

\ 'v q ^y^*'^**"'***'^ / first ap- 

\ / / Piy the 

'\VyS'' / longitude 

s' V / / tude of 

./ \ SyX' A-r/ / Agastya 

\X \/^ \\/ / giveninthe 

e — 5 — x- f — 11 i 

h \ \ V / modern 

\ s/' \ jr \ j Surya Sid- 

\y / ' \ / dhanta, viz. 

\ / 90° long-it. 

y' \ S j/ and 80° 

y>X \ /\ Southern 

• \ / V latit. Let 

gN/ V H H' be 

V V the hori- 

• \ \ 2 on, P the 

A N £/ l pole of the 

equator, E E' an are of the equator, A L an are of the Ecliptic, C the place 
of Canopus on the horizon, G the last point of Gemini (on first point of Can- 
cer) which has the same longitude as Canopus, viz. 90° ; P 6 C' C a circle of 
declination (on which according to Hindu practice the latitude is measured). 
The segment C' S' of the equator represents the time which Canopus must, 
rise beiore the sun in order to be visible in the morning. It divides itself into 
three parts, viz., C'B representing the ascensional difference of Agastya, JBG" 
representing the ascensional difference of the last point of Gemini, and G" S' 
representing the amount to which the sun must be below the horizon in order 
that a star, may be* visible at its rising. This latter amount the Hindus 
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** — 0, the ecliptic 
a vertical circle)- The modern! Su } a ^dha orierto tod BG" we 

but Varfiha Mihira as we understand Jiinr^ £ ^ ^ ^ * the enr ) „f 

make use of tlie statement m- < • ■ q ^ pa i as i n those places where the 

Gemini the ascensional dl erenee ar ’ obtain the following' expression 

equinoctial shadow is equal to one. 


Required ascens. diff. = 21 X equinoet shad. 


Wi 

1 

f:x 

18 
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... bv ten we obtain the degrees corresponding to the 

rv -o we at first ascertain the value of 
u c, clnopus, by means of the proportion 

n: equin. shad. = sin deolin. of Canopus : kujyt 

. . r p ' — latitude of Canopus) is supposed equal to BP , 

If as said above, C ( 1 q/ G = declination of last pomt 

the declination of l thus have 

of Gemini = inohnatmn of Ecliptic I 

. . ^*4»i L Hr I5 *sSt*ti2 

Kujya= — 12 u 

.1 :„+ n fWr ezine of ascensional difference, 
To turn the earth-sine so found into the Bint - 

we employ the proportion 

Cos declin. : kujyi=Bad. : sin ascens. difl. 

Vi3? equin. On ad. x 99 x 120 
• Sin. asc. dill. — " 12 x cos declin. 

e q um.sh a a.x99xm (67 = sin 34° = cos 56°) 

— lTxd7 ’ ^ * 

= eq«iujhad : X 990 = 19 S 0 x^^^’ 
l 9 , 80 x equin. shad. SO^nm. shad- ^ 

7 ~~ 1 “ 2 ■' 

fhk'G'' ' , 25x«'F‘in- where- 

i e n-'R the text however Has 2 
Instead of this value o B - tQ latitude of Canopus at less 

from it appears that Vmrata »hma ^ ^ ^ inverae calculation we 

: +1 the modern Shrya Sid . A^nression wen in the text.- - 

v tlian the u . ; . , tis fi eS the expiession & iye # , ... 

fod that a latitude oi 7 a ■ _JLi 
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CHAPTER XY, 


The Secrets of Astronomy 


2. In the minds of those also who are ignorant of the relative posh 
tions knowledge may be engendered, just as — (see the Sanskrit Commentary.) 

3. In those places, for which the sun is covered by the moon owing 

to the straight line drawn from the eye to the sun (i. e, for which the moon 
is in the straight line drawn etG,) an eclipse of the sun takes place ; and such 
a place is every day somewhere (in space), A/h 

4. The Fathers dwelling on the moon see the sun, if once obscured, 
for a half-month (in that condition) ; and they also see him non-obscured for 
a hadf-month, The middle of the eclipse is at full moon. 

The text of this stanza appears to be correct, but its meaning is 
obscure to us, — Might we, perhaps, have tb understand by the f eclipse’ of the- 
sun referred to merely his being invisible for a. lunar half month to those 
Beings which live on the side of the moon turned away from the earth ? — -But 
a statement of this nature would have its proper place, not in the present 
chapter, but in the f trailokya-samsthina ’ ; and such a statement is indkefl 
actually made there (xiv. 38). Moreover, the terms ‘ grasta ’ and ‘sraha’ 


The beings that live on Meru or near Meru never see an 
owing to the fact of sun and moon being (for them) nc 

prison. - ftttil . f A 1 

--vCY - a A-A , ■ \ b ■ lllliti , W $ f® I® $ II til® 1 1® 
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:wo stanzas also the text seems to be correct. But in that 
is are incomprehensible. 

n an eclipse takes place at sunrise or sunset, then the sun 
(?) and the moon high ; the latter therefore becomes the 


Eligible. Stanzas 8 and 9 refer to the 
retarding the moment of an eclipse of the 


Stanza 7 is 
effect of parallax in 
sun. 



14. Each year comprises a day and a night of the gods and the 
Auroras, it being day for the former while it is night for the latter, and vice 
versa. A nychthemeron of the fathers (whose abode is the moon) lasts one 
month, while one of men comprises sixty nadikas. 


15. The gods see the sun moving at a distance (from 
equal to so much as he rises above the horizon in two muhiirta: 
see him higher up. 


the horizon), 
3 ; they never 


The gods on Meru never see the sun higher above the horizon than 
24 degrees (to which height he rises when at the end of Gemini). The sun 
performing 360 degrees in thirty muhurtas passes through 24 degrees in two 
muhurtas. 


The succession of the Lords of hours and days is not the 
as with us ; because the nychthemeron there does not con 
bis. 


1 i . The rule ahout the days of the week is not every where the same 
As no (decisive) reason can be assigned for it, the astronomers disagree con- 
cerning this point. 


20, Aryabhafa maintains that the beginning of the day is to be 
reckoned from midnight at Lahbi ; and the same teacher again says” that the 
day begins from sunrise -at Lanka. - - - - ■ -y'L 


21. If, there having been applied the correction for difference 
meridian, the result does not agree with the actual circumstances of a gh 
place : the following statement (at any rate) as to the correspondence ofti 
has been made by the same teachers (mentioned above), in” agreement w 

traditional science, V ' ’ 



22- The sun, when rising in the Bharatavarsha, at the same time 
makes midday in the region of the Bhadr&svas, sunset in that of the Kurus, 
midnight in Ketum&la. 

23. What is sunrise in Lanka* is sunset in Siddhapura, midday in 
Yamakoti, midnight in Romaka-country. 

24. The intercalary months, the omitted lunar days, the days of the 
planets, the lunar days, the days, Aries, the sun, the moon, the half-years, 
the seasons, the motions of the stars, the nights ; all of them begin together 


26. And if we determine the Lord of each day by (counting the 
ahargana from) the moment when the sun has half set, we have in our favour 
neither any traditional authority nor reasoning of any kind. 

27. Owing to the (various positions of the) sun, it is twilight in one 
place, day in another place, and night in another place. A small difference 
of place thus suffices to entangle the question as to who is the Lord of the 


28. The question as to the hor&s is m the same predicament ; ror tne 
first 'horli belongs to the Lord of the day. If, then, the latter is not fully 
determined, how can the Lord of the hour be so? 

29. Ordinary people, as a rule, /proceed in their business according to 
the days of the week (as known from tradition), without reflecting on such 
questions. The learned, on the other hand, declare such (assumptions) to be 
right as result in the proper determination of the true lunar day, 



CHAPTER XVI 


The Mean Motions of the Planets, according to the Surya Siddhanta, 


For the Sighra of Venus multiply the ahargana by 10, and 
47. Add ten and a half seconds, multiplied by the revolutions. 





. Twenty eight degrees of Leo (i. e. four signs plus twenty-eight 
md seventeen minutes are the additive quantity for the S’ighra oi 
From (the S'ighra of) Venus 332961 seconds are to be deducted. 


The above nine stanzas contain rules for calculating the mean places 
of the planets. — The complete calculation for each planet is subdivided into 
three distinct operations. We are at first taught how to find the mean place 
by means of a rough calculation resting on the assumption that the planet 
performs an integral number of revolutions within an integral number of 
shvana days. Next we are informed how to make up for the mistake 
involved in the above assumption. And finally we are told what quantity 
has to be added to — or deducted from— the result found by means of the 
previous two processes, in order to enable us to start in our calculation, not 
from the beginning of the kalpa or yuga, but from the epoch of the karana. 


146564 

364220 

2296824: 

7022388- 

17937000 


Saturn 

Jupiter 

Mars 

Venus 

Mercury 



10. Seventeen seconds are to be added for each year to the mean 
place of Mars ; ten to be deducted from that of Jupiter ; seven and a half 
to be added to that of Saturn, 


11. Forty-five are to be deducted from that of Venus ; one hundred 
and twenty to be added to that of Mercury. Fourteen hundred seconds are 
to be deducted from the mean place of Jupiter, 


These two stanzas state certain corrections to be applied to the mean 
places of the planets as found by means of the preceding rules. No other 
reason for those corrections appears to be assignable, but that they tended to 
effect an agreement between the rules of the Surya SiddMnta and the 
observations made by Varaha Mifxira or the astronomers of his time, 



CHAPTER XVII 


The true Motions oe the Planets, 


Mars. I Mercury. Jupiter. Venus. Saturn, 


Degrees of epicycle 


Longitude of Apogee 


3 Tlie degrees of the epicycles of the conjunct. 
0 f Mars, etc. (Mars, Mercury, Jupiter, Venus, Saturn) 



5. The (bhujajya and kotijya found according to stanza 4) are to be 
multiplied by the degrees of the epicycle of the planet, and divided by 360 ; 
the results are those two (sines) reduced (to the terms of the epicycle - viz., 
the so-called bhujajyi phala and kotijya phala).. The koti phala is to be 
added to the Radius in the half circle beginning with Capricorn, and to. he 
deducted in the half circle beginning with Cancer, 


A rule for finding the equation of the conjunction which in all points 
agrees with that given in the modern Sdrya SiddMnta.— By half the equa- 
tion found the place of the mandocheha is to be- corrected, and the manda 
equation to be calculated from the new place. 


7. The mandocheha, having thus been, made true, is deducted from 
the mean planet, and the sine (bahu) (of the resulting arc) is reduced to 
terms of the epicycle (by being multiplied by the degrees of the epicycle, 
and divided by 360) ; the corresponding arc is either added, to the mandocheha 
(in the half orbit beginning with Aries), or deducted from it (in the half orbit 
beginning with Libra). 


iiiGha so corrected) is again to be deducted from th& 
nding sine is to be taken and to be reduced to terms, 
orresponding arc to be added to (in the half orbit 
■or deducted from, (in the half orbit beginning with 



k 


10. In this manner the true position of all planets is ascertained. 
In the case of Mercury, however, the mandocheha of the sun is to be 
deducted from Mercury’s sighrochcha ; the base sine (of the remainder) is to 
be reduced to terms of the sun’s epicycle (by being multiplied by the degrees 
of the sun’s epicycle, and divided by 360), and the corresponding arc — as 
Mercury’s equation— to be added to, or deducted from, Mercury (according as 
the anomaly found by deducting the sun’s mandocheha from Mercury’s 
sighroehcha lies in the half orbit beginning with Aries or in that beginning 
with Libra). 


11. In Venus’ case sixty -seven minutes have to be deducted from 
the planet’s longitude, after it has been made true (in the manner taught 
before). — The time when a planet becomes retrograde has to be ascertain’ed 
from the difference of its motion. 


12. The degrees of the distance from the sun at which the true 
planets become visible are 12 for the moon, 19 for Mars, 17 for Mercury, 
13 for Jupiter, 11 for Venus, 15 for Saturn. 


13. Take the sine of the interval between the planet made true with 
regard to the apogee (and the node), and add to it its eighth part, in the 
case of Mars, Jupiter and Saturn; the latitude of the planet/which is either 
southern or northern, is found from that difference. Another latitude is 
found by applying the conjunction (in the ease of Venus and Mercury). 


14. In the case of Jupiter, Mars and Venus (the sine mentioned 
above) is to be lessened by its fourth part : while in the ease of Mercury 
and Saturn it is merely to be increased by its eighth part. The sine is then 
to be multiplied by Radius, and divided by the hypothenuse ; the result is the 
latitude whose direction (whether north or south) depends on that of the 
interval (between node and planet). 


The above two stanzas teach how to calculate the latitude of the 
planets. The latitude is made to depend, "in the case of the superior planets, 
on the distance of the true planet (i. e., the true place of the planet with 
regard to the apogee) from the node : in the case of the inferior planets on 
the distance of the node from the S'ighra of the planet, i. e., the place of the 
sun. The latitude for any given moment is then calculated by means of a 
proportion basing on the assumed amount of the greatest latitude of each planet 
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( 96 } 

These amounts have to be inferred from the indirect statements of the text, 
which directs us to add, in the case of Mercury and Saturn, one eighth to the 
sine of the interval between node and planet (or node and conjunction), and, in 
the case of the three other planets, to lessen that sum by its fourth part. We 
thus have, for Mercury and Saturn, the following formula 


Latit. : 


9 x sin interv. 

: 8 J 


and, for the three other planets, 


Latit. 


9 x sin i liter v, 9 x sin inter v. 


If we substitute 120 = Radius for the 8 forming the divisor, we have 
to" substitute 135 for the 9 of the numerator ; whence we conclude that the 
greatest latitude of Mercury and Saturn is assumed to amount to 135/ 
And taking into account the subtraction of one-fourth part, which is pre- 
scribed for the three other planets, we find that their greatest latitude is 
supposed to amount to 121'. 
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CHAPTER XVIII 


On the Coukses of the Planets, 


1. Deduct from the ahargana 147, and divide by 584; the quotient 

The portion (passed through by Venus dur- 

plus five degrees) 

together with the third part of a degree. 

2. Having proceeded, by means of the degrees of time, for twenty- 
six days, Venus goes to its rising in the west. Add to the days the eleventh 
part of the risings, and therefrom (calculate) the motions. 

3. In three periods of sixty days each, Venus passes through seventy 
degrees, increased respectively by four, three, and -two ; thereupon, in eighty- 
five days through seventy-seven degrees ; then in three days through one and 

a quarter degree. ■ ' g : ,. , . , ifllfSllilljl 

4. 5. Thereupon becoming retrograde it passes in fifteen days 
through two degrees ; sets after five days in the west; rises after ten days 
in the east ; becomes anuvakrin after twenty days, having moved four degrees 
(within each of the last mentioned three periods) ; passes through 250 degrees 
in 232 days, and sets in the east ; passes through 75 degrees in 60 days, and 

rises in the west. ; p ; 

6. In the case of Jupiter deduct from the ahargana thirty-four days 
and as many n&dik&s, and divide by 399 ; the quotient are the risings of 
Jupiter. Put down separately the (remaining) days. 

7. And add to them the ninth part of the number of the risings. . 
Multiply the number of risings by 36, and divide by 391 ; the remainder to 

which 18 is added is called pada. , , , : 

V V 1 . 7 : . . 7 

8. Pat it down in two places. (Calculate the equations) by means of 


>’S of Venus, 
five degrees of Scorpio (i e. seven signs 



the mean and the true quantities. If on the deduction of those two 
(from each other) the true quantity is smaller than the mean on< 
many days as the result comprises degrees) to the days (as found a 
the opposite case (so many days) are to be deducted. 

^ 9. 10. As long as the pada is within 180, there is a positive 
of 1456; up to 195 there is a positive quantity of 1265; ff (the 
within 16, the third quantity is negative, amounting to 1486. — The 
Jupiter being multiplied by five and divided by eight, give the minui 
mean place of J upiter) from the first rising-. 


iX- In the ease of the first quantity there are 9| < 
(%, e. 5 s 9° 30') ; in the case of the second one there is half 
, ( = ’ an( * case of the last one there are 13 degrees, 

if 

||y V 12, Jupiter passes within sixty day 

I I * n forty days through four degrees ; then 

| degrees; thereupon he becomes retrograde w 
sixty days through six degrees, and again in s 

■} ' 

IJ *3* Then, becoming anuvakra, he f 

twelve degrees, and in forty-five days throng 
. sets, and having remained in that state for m 
1 1 following month. 


r s through twelve degrees ; after 
1 ^ twenty -four days through two 
dthin fifteen days, and passes in. 
sixty days through six degrees. 

passes in eighty days through 
gh nine degrees. Thereupon he 
ne month he again rises in the 


. U ‘ Saturn, deduct from the .aharj 
remaining .days) by 378 ; the result are the days 

15. Deduct from the days the tenth par 
risings by nine, apd divide by 256; the remain^ 

16. If the padas of Saturn are within 
quantity of 2406 ; while there is a subtractive < 
amounts to 127, 

17. There is an additivi 
Multiply the risings ,< " ~ 

jpinutes) are to be added to the 

b W fb b ; b : b; b' v;' : ;b 

18. In the case of the first i 

Taurus minus nine minutes (= I s 15 ° 51') 

we have five (signs) plus twenty-seven de 


:ative quantity of 2307, if (the pada amounts to) 
Saturn by 31, and divide by 32 ; (the resulting 
V 1 negative .quantity, 

aggregate we have sixteen degrees of 
); in the case of the second aggregate 
degrees plus thirty-four minutes. 




In the case of the last aggregate we have seven degrees plus 
fc minutes. — Saturn passes in sixteen days through, three degrees, 
i fifty-six days through 232 minutes ( = 3° 52'). 

Thereupon he, within fifty-five days, becomes retrograde. He 

es, and in 60 days through four 
sses through eight degrees in 105 
through three degrees in 36 days, 


then passes in M days tnrougn wee uegie 
degrees. After that, becoming anuga, he pa 
days (and then sets). Thereupon he passes 
(and again rises). 

21. Deduct from the ahargana 256, and 14 nadikas, and divide by 780 ; 
the result are' the risings of Mars. 

22. Multiply the number of risings by 161 and add the result, taken 
as vin&dMs, to the days (forming the remainder of the division prescribed 

oi\ Multinlv the risings by eighteen, divide by fifteen and take (the re- 


24, The degrees of difference of the true and mean positions are to be 
added to the days (calculated above), if the 
one) 

the motion 


mean position 

and to be deducted, if the mean position is less.— I 
of Mars according to its different courses (gati). 


( 100 ) 

30, In Taurus, Gemini Libra, and Yirgo Mars passes in forty days 
through seven degrees, again in forty days through ten degrees, and in sixty- 
three days through seventeen degrees in succession, beginning from (?) the 
retrograde motion, 

31, In Cancer and Leo, Mars passes in forty-four days through seven 
degrees, in forty days through six degrees, and in sixty days through eighteen 
degrees, in his courses beginning with the retrograde one. 

32, In Aquarius and Capricorn, Mars passes through six degrees in 
thirty-two days, through nine degrees in thirty-nine days and through fifteen 
degrees in fifty-seven days, in his threefold course, 

33, ? 

34, Add two to one, five, eight, eleven, fourteen, eleven, nine. In 
the quick course (S'ighragati) you have forty diminished by one, four, four (?). 

35, Thirty-six increased by two, three, nine, twelve, nine, three, zero 
are the days. The motion in the eighth course is the same as in the seventh. 

36, 37. 38. Add to the ahargapa twenty-eight and a third. Multiply 
by eight and divide by 927 ; the result are (the risings) of Mercury. Take 
the eighth part of tire (remaining) days, and deduct from those of Mercury as 
many nadikas as the fourth part of the risings amounts to. Multiply the 
risings by 123, and deduct forty -three; divide the remainder by 389; you thus 
find the mean place of Mercury. — Mercury passes within six plus five ( = 
eleven) of the (days forming' the) remainder through eight true degrees ; with- 
in thirty (days) through thirty true degrees. 

39. Thereupon he passes in eighty-one days through sixty degrees ; 
in eighty-eight days through a hundred degrees ; in fourteen days through 
twelve degrees ; in thirty days through thirty degrees. 

40. In one hundred and four days through ninety -seven degrees ; in 

. •. , ,, . ’ 1 ■ • *■* 1 These are the true motions of 



41, Deduct from the days the degrees of difference of those two (viz. 
jfof the mean and true places of Mercury), in case of the true place being in 
excess (of the mean place) ; add those degrees in case of the mean place being 
in excess (of the true). The course of the true Mercury is as fohmvs 





degrees, m thirty-six days tnroug 
through twenty-one degrees, and 
degrees. 

43, In Taurus he passes in 
in twenty-three days through sev 
through thirty-nine degrees ; in forty -nine 

44. In Gemini he passes in 
twenty days through fourteen degrees 

■rees ; in forty-seven < _ 


forty-five days through forty-tour degrees, 
enteen degrees, again in twenty-three days 
days through forty-three degrees. 

forty-five days through forty-eight de- 
s ; in twenty-six days through 
days through forty degrees. 

forty-two days through twenty-six tie- 
1 a half degrees ; in thirty days 
forty-six days through twenty-five degrees. 

thirty-four days through twenty-five degrees 
thirty-two days through twenty 
Qfrees. 


grees ; in 
twenty-seven deg: 

45. In Caneer he passes in 
grees ; in eighteen days through twelve and 
through twenty-six degrees ; in 

46. In Leo he passes in 

in sixteen clays through eighteen degrees ; in 
seven degrees ; in forty-five days through twenty-eight degrees. , ; 

47 In Virgo he passes in twenty-six days through twenty-seven de- 
grees; in' thirty-eight days' through forty-five degrees; again in thirty-eight 
davs through fifty-six degrees, and again m thirty-eight days through six y 
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52. In Aquarius lie passes in twenty-three days through twenty-two 
degrees ; in twenty -two days through twenty-five degrees; in twenty -four 
days through twenty degrees ; in thirty -two days through sixty degrees. 

53. In Pisces he passes in twenty-four days through twenty-six de- 
grees ; in twenty-five days through thirty degrees ; in twenty -nine days 
through thirty degrees ; and in twenty-seven days through forty-nine degrees. 

54. 55. 56. ? 

57. Multiply the time of the ascensional difference by the (sine of the 
planet’s) latitude — which is calculated according to the method of sines — 
and take the 480th part of the product. The result is to be deducted from — 
or added to — the planet’s longitude according to the direction (of the latitude). 

58. This operation having been performed, the setting and rising of 
the planets is to be calculated by means of the degrees intervening between 
them and the sun. These degrees are, for the moon and the other planets in 
succession, twelve, fourteen, twelve, fifteen, eight, fifteen. 

59. Multiply those degrees by three-hundred, and divide by the vina- 
dikas of rising ; from the resulting degrees the true setting and rising of the 
planets is to be determined. 

60. Mercury, Venus, Mars, Jupiter (and Saturn?) (become visible in 
the east when they are) less advanced in longitude than the sun by the amount 
of the planetary degrees (as calculated above); in the moon’s case the reverse 
takes place.- — Having thus ascertained (all requisite items) from the latitude, 
the astronomer may make declarations regarding future planetary occurences. 

Stanza 57 contains a rule for the so-called aksha drikkarman, i. e. the 
correction for apparent longitude which depends on the planet’s latitude at the 
given' time. The rule is based on the rough proportion 

' Jfbffg ■ y V ; V V; ■ " ' ■ f§ | . 

Sine of greatest latitude of ecliptic ( = 48) : time of greatest ascensional 
difference = sine of planet’s latitude : time of planet’s ascensional difference. 

Dividing by ten (whence the divisor 480) the vinMikas of the result 
are turned into degrees. — Stanza 58 thereupon states the number of degrees 

e planets must 
finally teaches 


to which the difference ol the longitucte ot the sun and the smgl 
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how those mean degrees are rendered true by the introduction of the 
time of rising of the ecliptic in which the sun and the planet are at the time 
(300 vinadikas being the mean time of the rising of the signs). 

61. For the benefit of his pupils Varaha Mihira of Avanti has com- 
posed this short treatise on the smaller planets, which effects an agreement 
between observation and theory. 

62. He whose efforts are frustrated by the (theory of) Mars of Pra- 
dyumna, and by Jupiter, Saturn as made (calculated) by Yijayanandin, and 
by Mercury, let him honour this very accurate treatise. 

63. Which has been composed (? driskta) by Varaha Mihira, easy to 

understand 


64, He who, although knowing the faults of others, yet does not men- 
tion them, even when an opportunity offers, but rather proclaims their good 
qualities; to that good man let honour be paid as to a benefactor of his kind ! 

65, Free from jealousy Varaha Mihira gives this excellent short trea- 
tise on the smaller planets, comprised in eighteen ary as. (?). 

66, Take the degrees of the sun’s longitude (at the time of the last 
conjunction anteceding the given time), and add to them the days connected 
with the degrees of the (planet’s) motion. If the degrees, thus derived from 
the days, are more (than 360), they are to be taken from a full revolution (i. e. 
360 is to be deducted from them). 

The longitude of the sun is found by adding to his longitude at the last 
conjunction with a planet as many degrees as there have elapsed days of the 
planet’s chara. 

67, Hessen (the ahargana) by 6329, multiply by four, and divide by 
3075, Divide (the remainder) again by four; the result are the days (which 
have elapsed) since Maps wns without degrees (i e , had the same longitude as 

■ ■the sun). .. 

68, (Mars) becomes visible when less (in longitude than the sun) by 
15°, within thirty-six days; then (passes) in one hundred and eighty-eight 
days (through) sixty degrees ; in one hundred and eight days (through) sixty 
degrees ; within seventy-two days (through) ninety degrees. 
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69 . In sixty-eight days (through) fifty degrees ; in two hundred and 
forty days (through) seventy degrees. Then it sets ; (passes) thereupon in 
fifty -six days (through) fifteen degrees and becomes niramsa. 

70. Lessen (the ahargana) by 14681, multiply by 29 and divide by 
3312; divide (the remainder) by the multiplier ( = 29); you thus obtain the 
days of Mercury. 

71. Mercury having fallen behind (the sun) by twelve degrees— which 
takes place within ten days — rises in the east ; thereupon he falls behind by 
ten degrees in fourteen days. (Advancing thereupon) nine degrees within 
eighteen days he sets, and again rises (in the west), having advanced thirteen 
degrees within thirty days. 

72. Then he advances nine degrees within eighteen days, and then, 
falling behind eight degrees within sixteen days, he sets in the west. After 
that, falling behind nine degrees in eight days, he again becomes niramsa. 

73. Deduct (from the ahargana) ?, multiply by seven, and divide 

by 2752. Divide the remainder by seven, the result are the days of Jupiter, 
taken from the niramsa position. 

74. Which are to be deducted (counted) from the place of the sun. 
Having fallen back twelve degrees within sixteen days, Jupiter rises in the east. 
He then passes through forty-four degrees within fifty-four days; through 
sixty-four degrees in seventy days. 

75. Through one hundred and twenty degrees in one hundred and 
nine days; through seventy-six degrees in eighty-eight days ; through thirty- 
two degrees in forty days. Thereupon he sets, and then passes in sixteen days 
through twelve degrees (when he becomes niramsa). 

76. Lessen (the ahargana) by 11122, multiply by two, and divide by 

1151. Divide the remainder by two. The result are the days of Venus 
counted from the niramsa position. 7 

77. Falling behind nine degrees within five days Venus rises in the 
east. It then falls behind twenty-one degrees within fifteen days ; after that 
fifteen, degrees within two-hundred and eight days ; after that it advances 
five degrees (?) within twelve days (?), and sets. 
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78. Then it advances ten degrees within forty-eight (?) days, and be- 
comes niramsa. After that it moves in the opposite direction, and rises in the 
west within the time which it had taken to go to the niramsa position (?) ; 
and again moving in the opposite direction sets (in the west). 

79. Lessen (the ahargana) by 16518 (?) , multiply by three and mul- 
tiply by 1118. Divide (the remainder) by three. (The result are the days 
since the last conjunction) of Saturn. In eighteen days he falls behind the 
sun sixteen and a half degrees, and then rises in the east. 

80. Then he falls back ninety and a half degrees within ninety-eight 
days; then thirteen degrees within fourteen days. Then one hundred and 
twenty degrees within one hundred and thirteen days ; then ninety-one de- 
grees within ninety-eight days. 

81. Then in thirteen days twelve degrees and a half. Then he sets, 
and, passing within twenty-one days through sixteen and a half degrees, he 
becomes niramsa, being always behind the sun. 



